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foreword 



"N tr-isfc is a major constituent of the earth's atmosphere and occurs in many different 
EicB i:r—s sjeh as elemental nitrogen, nitrous oxide and ammonia. Natural reactions of 
waserc ‘.rm of nitrogen with rainwater result in the formation of nitrate and ammonium 
. V ftfe mmaae is a common nitrogenous compound generated due to natural processes of the 
anthropogenic sources have greatly increased the nitrate concentration in 
>.gg~ The .arrest anthropogenic sources are septic tanks, cattle dung, urine and nitrogen 
ikonm- _e** els of nitrates in groundwater in some instances are above the safe levels proposed 
me Vonr fTeahh Organization (WHO) and thus pose a threat to human health especially to 
■ee. & uni areas where incidence of methemoglobinemia appears to be the result of high 
ane ta ;s. Me^emoglobinemia, or blue baby syndrome, robs the blood cells of their ability to 
r s-s 2 =:. High nitrate levels in aquifers also lead to eutrophication. Due to the detrimental 
meecji s5eens. treatment and prevention methods must be considered to protect groundwater 
Egss mss nmn leaching and accumulation in high concentrations. 

t s -eamenmg to note that the research bulletin entitled “Nitrate Contamination of 
■sect* atE" m Seme Heavily Fertilized and Intensively Cultivated Districts of India” has 
nraoe levels of different water bodies and possible causes of such nitrate 
arm-iins The workers have done commendable job in surveying six heavily fertilized 
m :r jamerem states and reported the nitrate content. Nitrate contaminated areas of each 
m Issae delineated and mapped, which will help the planners and policy makers in 
SaB K-if ire water in those districts. 

re these findings will guide the different stakeholders in making best management 
ssacuiture and also in the management of wells and sanitation activities. I 
_ the scientists from IISS, Bhopal and coordinating institutions who contributed in 
brought out this invaluable publication. 



Terror 23. 2010 
'sr* IXelhi 


(A.K. Singh) 


Deputy Director General (NRM),ICAR 
New Delhi 
















(preface 


ES » r.ijaiiiftfi under aegis of Indian Council of Agricultural Research 


;>:o\ ide scientific basis for enhancing and sustaining productivity of 


mt- —r — .v e«v ironmental degradation. Therefore, monitoring the soil and water 
m a; ea of research and this publication covers a very important constituent 


mtxl in soils as a source of nitrogen but its access not only leads to 


: . • xlies resulting in eutrophication of lakes causing environmental 

tiMT? - - -armful to human being if its concentration in water exceeds 10 mg nitrate 
1-rx; .155 took up a project on nitrate contamination of water bodies in six heavily 
e •• cultivated districts of India, namely, West Godavary in AP, Hooghly in 


r. MP. Coimbatotre in TN, Ferozepur in Punjab and Jalgaon in Maharashtra. 


fektelirrosuaken *;o a networking mode with the participation of SAUs, namely, 
: Ludhiana, BCKV, Kalyani; TNAU, Coimbatore andPDKV, Akola. 

tx r... ver> the nitrate concentration of different water bodies classified as per the 
hfc -curness so anthropogenic activities, depth of well, and fertilization rates. The 
mam ... re areas where nitrate concentration has increased beyond the safe limit and 
us - - - rea3cms for such high levels. Out of the six districts surveyed, only the target 
lj»_ represented the case where excessive use of fertilizers probably caused high 
• ar. _r : water and reached a flash point requiring immediate attention. However, 
W^Er~-'- aaconfiited aquifers like dug wells, open wells, and hand pumps were much 
•mbm- - r_* deep and confined aquifers and organic sources of nutrients, human and 
jmm —• a rnajor role in nitrate contamination of ground water. 

- . _:e the project team for their commendable efforts in generating useful 

HH't at nitrate contamination of groundwater. I hope the information and data 
mrszz rz tz:> bulletin will be of immense help to the administrators, policy makers, 
IMf'- sts, researchers, students and various other investigating agencies working in 


fir 

(A. Subba Rao) 


Director 

Indian Institute of Soil Science 












* a - _ ■-? major agriculture-derived pollutants leaching to groundwater. Nitrate 

. _ - ■ _ - - ; union system is blamed for the rising concentrations of nitrate in ground 
. d the work! In India, there have been sporadic reports of elevated nitrate 

- 3 :er in different parts of the country, and fertilizer has been made the culprit by 

and gn-ci. groups without proper database backup on nitrate contamination of 
Kg: . f r -nr.L«, a project entitled "Delineation and mapping of nitrate contamination in 
m Sr- .u and intensively cultivated districts ofthe country" was awarded to IISS, Bhopal 

—£culti*r«d Research, New Delhi under AP Cess Fund Scheme. The project was 
-node with IISS. Bhopal as the lead center and APAU, Bapatla, PAU, Ludhiana, 
” . . - baiore and BCKV, Mohanpur as the cooperating centers. The contents of this 

- - — i — i-ted Sow she results of this project and while reporting it, it's my proud privilege 
_ • . l : - ’-an: sal and technical assistance to carry out this work. 

- b - ■ ere thanks and gratitude to Dr. J. S. Samra and Dr. A.K. Singh, DDG (NRM) and 
- I ■. - .L i for their noble guidance, generous support and encouragement in awarding 

ecL Special thanks are also due to the Vice-Chancellors and Directors of Research 
3*ZKY. Mohanpur. ANGRAU, Bapatla, TNAU, Coimbatore and PDKV, Akola for 
mziy " : eidsililsprogramme. 

. Aem* my beamiest thanks to the Hon'ble Director, Dr. A Subba Rao for his continued 

.- . _emem for running the project, and Dr S Kundu, Head, Division of Environmental 

■-'as support and desired counseling in the execution of the project work from 

-■ rendered by Drs. K.N. Singh, Principal Scientist and Abhishek Rathore, Scientist 
«—api™ strategy, statistical analysis and mapping the districts are also thankfully 

WSmuc piac-e on record my sincerest thanks to our collaborators ofthe project, Dr. B. Maji, 
Dt A. Subba Rao, IISS, Bhopal, Dr. Biswapati Mandal, BCKV, Mohanpur, Dr. 
-j -j- p i V. Ludhiana: Dr. Murugesa Boopathi and Dr. R. Natesan, TNAU, Coimbatore, Dr. 

ANGRAUp Bapatla, and Dr. M. N. Patil and Dr. R.N. Katkar, PDKV, Akola for timely and 
ce .^ioe :: ;hie project work. 

Jbs :his opportunity to thank to all project workers, laboratory and field staffs involved in 

t, •• Dr. R. S. Sisodia, Dr. Manik Kundu, Mrs. Gayathri, Mrs. Sangeetha, Mr. A.M. 

~ < ■ — . Sir. O.R. Darwai and Mr. Kalicharan. I also owe a lot to my Divisional colleagues, 
;** n: In.: brute. Administrative Officer, Assistant Finance and Account Officer and other 
adtf&'-sr- help. interactions and suggestions during the course ofthe project. 



23.2010 


(A.K. Biswas) 

Principal Investigator 
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—' •? -* - . -.ue quantity of healthy 

• ~~ - the environment is a 
-- tor future agriculture in the 
~ r tcmires of atmospheric 
it t - - ■ year globally. The 

--- -~V r-icy -of applied N is 

than 50 per cent, and the 
Jgf—nitrogen is lost into the 
\ iirae "’ portion of this nitrogen 
■ rate which, being soluble in 
- aotlj gets leached into 

- * ~ - : 5 unnv.e from agricultural 
arces to groundwater is a 
> we the 1960s, nitrate 

ssrizce and ground water have 
rldv/ide. Nitrate pollution 

- . ■ ■ ~e ; hold as recommended by 
•- • -conization (50 mg N0 3 ‘ L' 1 ) 

- - ■ ■ -g >;0 3 -NLV) for drinking 

■ " •:i in many countries, such 
r ; grunt, France (Strebel et al., 
VS A (Nolan et al, 1997; 
s Agrawal et al., 1999). The 
ti' ed nitrate pollution of 
tee : me* an environmental issue 
-- - --i looms and eutrophication 
produce potential hazards to 
5>2C r-e-.och et al.. 1992; Gulis et al., 

'■ ot nitrogen (N) fertilizer for 
cropping systems with low 
en responsible for nitrate 
: groundwater (Strebel et al., 

: x uriou may be the consequence 
many years ago rather than 


iicr.ee the pollutant source 
* — d :emporally coincide with the 
■ - 5 r.gh and Sekhon, 1978; Mutch, 

—er consumption in the country 
growth during the last three 
ZFZSCiiil} fhe level has gone up to 


about 17.8 million tonnes of NPK per annum out of 
which more than 65 per cent is nitrogenous 
fertilizer. In terms of fertilizer production India 
ranks third after China and USA. The average plant 
nutrient consumption of the country is only 106 kg 
ha yrwhich is markedly less as compared to 
other countries, like Netherland (501 kg). South 
Korea (450 kg), U.K. (345 kg) and China (271 kg). 
Fertilizer consumptions even in the neighbouring 
countries like Bangladesh and Pakistan are higher, 
i.e., 154 and 120 kg ha' 1 yr' 1 , respectively, than that 
of India (Fertilizer Statistics, 2005-’06)/However 
the distribution and application of fertilizer are not 
uniform throughout the country. For example, 
more than 75% of total fertilizer N is used only in 
165 out of total number of districts in India and 
some crops and cropping sequences like rice- 
wheat, rice-rice, rice-potato and orchards receive 
very heavy fertilizer application, especially 
nitrogenous fertilizer. Moreover, there is regional 
disparity in terms of fertilizer consumption and 
nutrient consumption ratio. Whereas 46 out of 146 
districts (31 %) of the north zone of the country use 
more than 150 kg fertilizer ha' 1 yr' 1 , only 4 out of 
131 districts (31 %) of the west zone of the country 
consume more than 150 kg fertilizer ha -1 yr' 1 . 
Similarly, in the north zone of the country the 
nutrient consumption ratio since 2000-01 has been 
highly skewed in favour of nitrogenous fertilizers 
(N:P,0 5 :K 2 0 = 29:8.5:1) as compared to those in 
south (3.8:1.7:1), east (4.5:1.6:1) and west zones 
(7.2:3.4:1) (Fertilizer Statistics. 2005-'06). Hence, 
it becomes increasingly important to seriously 
consider fertilizer induced environmental pollution 
especially contamination of groundwater with 
excessive leaching of nitrate in intensively 
fertilized areas of the country. 

Nitrates are derived not only from 
nitrogenous fertilizers but also from organic 
manures, and human and animal wastes. It is 
known that apart from manures and fertilizers 
many other industrial and anthropogenic activities 
can cause nitrate pollution in aquifers. These 










nances are: Direct point sources - transfer of 
pollutants from municipality, industrial liquid 
waste disposal sites and refuse disposal sites; 
Diffuse agricultural sources - wash-off and soil 
eroaon from agricultural lands carrying materials 
applied during agricultural use, mainly fertilizers, 
herbicides and pesticides; and Diffuse urban 
sources - runoff from city streets, from 
horticultural gardening and commercial activities 
in the urban environment and from industrial sites 
and storage areas. 

Nitrate is the most ubiquitous chemical 
contaminant in the world's aquifers and the levels 
of contamination are increasing (Spalding and 
Exner, 1993). Nitrate leaching and water 
contamination have become a major concern 
worldwide mainly due to the intensification of 
agricultural production system involving the 
application of N fertilizers and organic wastes in 
the past 50 years. The magnitude of nitrate leaching 
is, however, dependent on soil characteristics, 
cropping pattern, fertilizer management practices 
(rate, source and timing of application) and 
irrigation. The problem of nitrate leaching and the 
contamination of ground and surface waters are 
particularly severe in developed countries, where 
economically viable agricultural production has 
involved heavy use of N fertilizers and organic 
wastes (Addiscott, 1996; Cameron et al., 1997; 
Spalding and Exner, 1993). Many agricultural 
systems in developing countries like India are still 
N deficient for optimum production. Recently, 
however, rising nitrate concentrations have been 
detected in some regions of India where 
agricultural production has intensified with 
increasing use of chemical and organic fertilizers 
(Singh et al., 1995). In agriculturally intensive 
areas in Punjab (Singh et al., 1995; Bajwa et al., 
1993), Haryana (Bijay-Singh and Singh, 2004) 
Delhi (Gupta and Chandrasekharan, 1999), 
Maharastra (Despande at al., 1999), and Andhra 
Pradesh (Srinivasa' Rao, 1998), where fertilizer 


applications are high, pollution of groundwaters by 
nitrate have been reported. Several other studies 
have also reported groundwater contamination by 
nitrate due to agricultural activities (Mukherjee 
and Pandey, 1994; Chandu et al., 1995; Prasad. 
1998). High concentrations of nitrate in the 
groundwater samples were attributed to animal and 
human sources or irrigation return flows from 
agricultural fields dressed with fertilizers. 
Rajmohan et al. (1997) reported that irrigation 
return flow has increased the ionic concentration in 
groundwater of Nagai Quaid-E-Milleth district of 
Tamil Nadu, India. Tamta et al. (1991) reported that 
groundwater samples collected from dugwells in 
Godavari basin, Karnataka contained a mean 
nitrate concentration of 80.9 mg l"'(range: 10-205 
mg 1 ), which was attributed mainly to application 
of chemical fertilizers. 

High concentration of nitrate in drinking 
water is deemed harmful to human health 
particularly for infants, because it can interfere 
with the transport of oxygen in the blood causing 
methemoglobinemia (blue body syndrome). 
Possible links between nitrate intake in dr inkin g 
water and stomach cancers in adults and childhood 
diabetes have also been reported (Addiscott, 1996). 
High concentration of nitrate in drinking water is 
also toxic to livestock and can cause methemoglo¬ 
binemia and abortion in cattle. Nitrate drained into 
surface water bodies, e.g. rivers, lakes or estuaries 
can also cause deterioration of surface water 
quality resulting in eutrophication, algal bloom and 
fish poisoning. Due to these health risks, a great 
deal of emphasis has been given to identify the 
sources of nitrate pollution and evaluate relative 
contribution of different sources so that preventive 
measures may be taken to help alleviate the 
problem. Numerous reports have linked increased 
use of nitrogenous fertilizers with nitrate pollution 
in ground water, although enough data base has not 
been created to ascertain this linkage or otherwise. 









Non-point source pollutants like nitrate 
j • ‘ 5Msported from the land by surface water and 

|r _■ i .vater pathways, since the pollutant source 
j be attributed to one particular discharge 
. ;n rather to a large area. Specific 
ability to agricultural system is a function of 
liiaoi factors such as the quantity, rate, 
methods of nitrogen application, 
and other agriculture management 
ct3ristj.cs. Intrinsic susceptibility is a function 
: ■: -geologic factors such as proximity of an 
M . ' r ;ii the land surface, hydrologic properties of 
l _ a*! die amount, timing, and location of 

_ yes recharge (Zaporozec, 1994). So far there 

been any systematic attempt to find out the 
: of nitrate pollution in different soils and 
resources of the country and to quantify the 
s r.uiiion of the above factors towards nitrate 
s • .-_mation of aquifers. A critical evaluation of 
a is* mg status suggests that there is a need for 
iuc investigation of the occurrence and 
of nitrate in grand water to design 
. c mitigation and management strategies. In 
f this background, a detailed study of nitrate 
3iion in ground waters of intensive 
_ i_nd areas of six highly fertilized and 
cultivated districts of the country, 
V*. est Godavari, Ferozepur, Hooghly, 
vmbatore and Hoshangabad was taken 
4 - - r and post-monsoon seasons of2005- 

md * ■ t>-0 7 with the following objectives. 



Ofoj ec fives 

itr aiv the extent of nitrate contamination 
- ~ . an d water in selected districts. 

. sgjdi. temporal variation in the NO,-N 
. in the representative aquifers of the 

erredsites. 

9 sdy the distribution of N0 3 -N in the soil 
■ 5 . iofthe selected sites. 


« To evaluate the vulnerability of soil and 
water to nitrate contamination in the selected 
districts. 

3. Study Area 

The study area encompassed six 
intensively cultivated districts of the country 
having medium to very high fertilizer usage with 
varying climate, soil type and crops and cropping 
systems (Table 3.1). Apart from the sources of 
pollution, fertilizer usage, climate, soil type, 
cropping pattern are some of the important factors 
affecting nitrate pollution of groundwater. These 
districts were chosen to bring about variability in 
these factors so as to evaluate and delineate the 
contribution of different factors in affecting nitrate 
pollution in ground waters. 

3.1 Background of the target districts 

3.1.1 West Godavari 

West Godavari is the pioneering district in 
Andhra Pradesh in adopting latest technologies in 
agriculture, in achieving higher production and 
productivity. It is treated as rice bowl of Andhra 
Pradesh (Fig.3.1). The West Godavari district was 
formed in the year 1925. It lies between 16°15' and 
17°30' of the northern latitude and 80’55' of the 
eastern longitude. The total population of the 
district is 3803517 (2001 census). It can be divided 
into three natural regions, namely, delta, upland 
and agency areas. It has an area of 7,742 square 
kms. It has four revenue divisions namely Eluru, 
Kovvuru, Jangareddigudem andNarasapur having 
number of revenue mandals 16, 12, 6 and 12 
respectively i.e., total 46 mandals. The climatic 
condition of the district comes to an extreme type 
under temperate zone with high to very high 
temperatures in summer to an extent of 48°C and 
fairly cool climate towards hilly area or Polavaram 
and adjoining parts of Bay of Bengal in southern 
part of the district. The district normal rainfall is 
1153.mm. and average 979.1 mm. The type of soils 











Table 3.1; Fertilizer statistics and some other parameters/situations of the target districts 


SI. 

No. 

Name of the 
district 

Fertilizer consumption 

(N+P 2 0 5 +K 2 0) 

Climate 

Soil Type 

Crops/ 

Cropping 

System 



Mg 

kg ha' 1 

Rank* 



1 

West 

Godavari 

(A.P.) 

224110 

316.1 

2 

Hot sub 
humid 

Deep loamy 
coastal and 
deltaic alluvial 

Rice -rice 
(shallow 
rooted) 

r 2 

Ferozepur 

(Punjab) 

179961 

209.4 

4 

Hot 

semiarid 

Deep loamy 
alluvial to 
shallow to 
medium sandy 

Rice-wheat, 
pulses 
(shallow vs. 
deep) 

3 

- Jalgaon 
(Maharashtra) 

166762 

114.9 

9 

Hot 

semiarid 

Shallow and 
medium clayey 
black soil 

Sorghum, 
Sorghum, 
cotton, pulses 
and 

vegetables 
(shallow vs. 
deep rooted) 

4 | 

Hooghly 

(W.B.) 

145602 

275.4 

13 

Hot 

perhumid 

Deep loamy 
alluvial 

Rice- wheat - 
potato ,rice- 
rice (shallow 
vs. deep 
rooted) 

5 

Coimbatore 

(T.N.) 

61749 

185.2 

117 

Hot 

Semiarid 

Shallow to 
deep loamy red 
or black soil 

Rice/ millet 
pulses/ 
oilseed 
(shallow vs. 
deep rooted) 

6 

Hoshangabad 

(M.P.) 

54477 

115.0 

147 

Hot sub 
humid 

Medium to 
deep clayey 
black soil 

Soybean/ 
vegetables / 
wheat /pulses 
(shallow vs. 
deep rooted) 


* Ranking in terms of total fertilizer consumption 


of the district are grouped as red, sandy clay loams, 
alluvial sandy loams, deltaic alluvial, coastal sandy 
loams, heavy clays and saline soils. The net area 
cultivated forms about 57.4 per cent of the total 
geographical area of the district. The principal 
crops grown in the district are - paddy, sugarcane. 


cotton, groundnut, maize, jowar, pulses (green 
gram, blackgram, redgram and horsegram), 
chillies, tobacco and horticultural crops like 
turmeric, vegetables and fruit crops like mango, 
coconut, banana, orange, lemon and oilpalm.The 
total fertilizer consumption (2006-07) of the 
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Fig.3.1: Location map of West Godavari district of Andhra Pradesh 


. FT.cl \s 224110 toraves and the average fertilizer 
. - >afcption rate (N+P 2 0 5 +K,0) is 316 kg ha' 1 .The 
. • vie< ranks 2nd in terms of total fertilizer 
: -j? -motion (Fertilizer Statistics, 2006-07). 

* 1.2 Ferozepur 

The study area (Ferozpur district of 
(Ksj ab) is located between 30°55'N latitude and 
" "H longitude with an elevation of 190 m 
« etiug an area of 585 thousand hectares with 10 
r xks having fully irrigated agriculture (Fig.3.2). 

- ■■ ail types of the districts are Typic Haplustept 
Typic Ustipsamnents with medium to heavy 
Paddy, wheat and cotton are the most 
■ ui crops of the target district, and rabi 
rii--..I', sugarcane, barley and gram are also 
in some pockets. The total fertilizer 


consumption (2006-07) of the district is \796M 
tonnes and the average fertilizer consumption rate 
(N+P,0 5 +K 2 0) is 209 kg ha' 1 . The district ranks 4th 
in terms of total fertilizer consumption (Fertilizer 
Statistics 2006-07). 

3.1.3 Hooghly 

The study area (Hooghly district of West 
Bengal) is located between 22°39'32”and 
28°10'20”N and 88°30T5”and 87°30'20”E covering 
an area of 3149 sq. km. with 5.04 million 
population (2001 census) (Fig. 3.3). The district is 
divided into three subdivisions with 17 agricultural 
blocks. Rice and potato are its principal crops. The 
climate of the district is hot moist sub humid with 
an annual mean temperature of 26.8 l ’C (although 
monthly mean temperatures range from 16°C to 



















33°C) and a precipitation of 1599 mm. The soils of 
the district belong to three orders, with Inceptisols 
covering 64.4%, Entisols 23.1% and Alfisols 
12.4% of the total area. The total thickness of the 
groundwater aquifers varies from 27 to 30 m and 


they mostly occur in the semi-confined state. It is 
one of the most intensively cultivated and heavily 
fertilized districts of the country and of West 
Bengal with high agricultural productivity. The 
sources of irrigation are open wells, tube wells, 












































Fig.3.3: Location map of Hooghly district of West Bengal 


the south-west and Dhule district on the west (Fig. 
3.4). It lies between 20° to 21°N latitude and 74°55' 
to 76°28' E longitude. The district is having the 
geographical area of 11,63,898 ha, while the area 
under cultivation is 8,54,299 ha out of which 
1,43,871 ha is under irrigation. The district is 
surrounded by Satpura mountain on north side and 
Satmala and Ajanta ranges in the south. Due to this, 
physiography of the district shows various 
landforms viz. hilly terrain, escarpment, plains and 
river basins. Geologically, Jalgaon district has 
basaltic rock. The drainage pattern of the district 
indicates major river Tapti that flows from east to 
west with its main tributaries like Puma, Gima, 
Wagur, etc. The Jalgaon district is famous for 



tube wells, mini deep tube wells, deep tube 
; lift irrigation from river and canals which 
— a> heavy utilization of chemical fertilizers. 
Hal fertilizer consumption (2006-07) of the 
is 145602 tonnes and the average fertilizer 
aas ~ ion rate (N+P 2 0 5 +K 2 0) is 275.4 kg ha 1 . 
Aain ranks 13th in terms of total fertilizer 
ion (Fertilizer Statistics 2006-07). The 
■density is as high as 215%. 

Jalgaon 

Jalgaon is located on the north of 
state and bordering Madhya Pradesh 
■anh side, to the east Buldhana district, 
■.. district to the south, Nasik district on 
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Fig.3.4: Location map of Jalgaon district of Maharashtra 
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banana cultivation in Maharashtra as well as in 
India. Besides, banana, many field crops like 
cotton, sugarcane, jowar, bajara, sunflower, 
safflower, green gram and vegetables are grown in 
the district. The sources of irrigation are open 
wells, tube wells, and lift irrigation from river and 
canals which leads to heavy utilization of chemical 
fertilizers. The banana crop is mainly irrigated 
through drip irrigation system in the district. The 
district consists of 15 tehsils. The total fertilizer 
consumption (2006-07) of the district is 166762 
tonnes and the average fertilizer consumption rate 


(N+PA+K 2 0) is 1 14.kg ha 1 . The district ranks 9th 
in terms of total fertilizer consumption (Fertilizer 
Statistics 2006-07). 

3.1.5 Coimbatore 

Coimbatore is an inland district 
bordering Kerala state on the west and South 
Nilgiris and Erode district on the North, and 
Erode andDindigul districts on the East. It lies 
between 10°12’and 11“24’ N latitude and 
between 76°36' and 77°30' E longitude (Fig. 3.5). 






























district has a tot&Tarea of 7, 46, 799 ha. The 
consists of 9 talukas and 21 blocks. It is 
by the western Ghats, of which the Nilgris 
north west and Anamalai on the south are the 
ranges that attain a height of over 2,400 m. In 
the hill ranges lies the east-west trending 
known as Palghat gap. The rest of the district is 
adulating plain sloping gradually from west 
i) to east (150m).The tributaries of the 
namely the Noyyal and Amaravathi run 


through the district and are east flowing. There are 
smaller rivers like Aliyar, Sholaiyar, 
Parambikulam and Palar originating in the 
Anamalai hills and flowing westwards. The total 
fertilizer consumption (2006-07) of the district is 
61749 tonnes and the average fertilizer 
consumption rate (N+P 2 0 5 +K 2 0) is 185.2 kg ha 1 . 
The district ranks 117th in terms of total fertilizer 
consumption (Fertilizer Statistics, 2006-07) 
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Fig. 3.5:Location map of Coimbatore district of Tamil Nadu 
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die district is neither too hot nor too cool except the 
winter season in Pachmarhi, a famous hill station of 
the state. Soybean and wheat are the most 
important crops of the district, while paddy, maize, 
gram, vegetables, pigeon pea and sugarcane are 
also grown at different pockets. 

In Hoshangabad, there is a network of 
irrigation canals under the Narmada-Tawa 
command area through which the majority of areas 
of the district is irrigated. There is a preponderance 
of open well in the blocks of Hoshangabad, Seoni- 
malwa and Babai, which are under the influence of 
Narmada-Tawa command. The depth of water 



table is also quite low in these blocks. Open wells 
and tube wells are used both for drinking and 
irrigation purposes and are well distributed in the 
crop field and residential areas. On the other hand, 
hand pumps are mostly located in the residential 
and community areas, and are mostly used for 
drinking water purposes. The total fertilizer 
consumption (2004-05) of the district is 510288 
tonnes and the average fertilizer consumption rate 
(N+P 2 0 5 +K 2 0) is 103.5 kg ha' 1 . The district ranks 
147th in terms of total fertilizer consumption as per 
Fertilizer Statistics (2006-07). 




Plate 1 : Sources of ground water samples from Hoshangabad 
























'NEiftpyii£ Scheme 


t water samples were collected 

— .- '"-monsoon and post-monsoon period of 

--v6 and 2007. Stratified random sampling 
strategy was adopted and as per sampling strategy a 
ratio of 6:3:1 or 4:2:1, high: medium : low was 
maintained so as to collect more samples from 
areas of higher fertilizer usage and proportionately 
less samples from areas of lower fertilizer usage 
(Fig.4.1). Apart from collecting soil and water 
samples, a detailed survey was made of all the 


sampling sites with respect to cropping, irrigation, 
nutrient management, etc through a questionnaire. 
A detailed sampling scheme for each district is 
given hereunder: 

4.1 West Godavari 




pre- and post-monsoon seasons of 2006 and 2007 
from open wells, tube wells and hand pumps at 480 
odd sites in 48 villages spread over 20 mandals of 
the West Godavari district of Andhra Pradesh, and 



Fig. 4.1: Soil and water sampling scheme tree for the District 


GPS was used for recording the geographical 
position of each of the sampling spots (Fig. 4.2). 
The sampling was done following a ratio of 4:2:1 
for high (> 300 kg ha 1 ) medium (200-300 kg ha ’) 
low (< 200 kg ha' 1 ) fertilizer consumption rate and 
as such a total of480 samples were collected in the 
each of the three seasons (Table 4.2). While 
selecting the wells, preference was given to those, 
which are used as sources of water both for 
irrigation and drinking purposes. Samples were 


collected in acid washed polythene bottle and care 
was taken to collect the samples after allowing the 
wells to flow for few minutes before collecting the 
samples. Few drops of purified H 2 S0 4 was added to 
each polythene bottle before collecting the samples 
to bring the sample pH down to 2 or less for 
preserving it for determination of N0 3 -N through 
Flow Injection Analyzer (FIA) while pH and EC 
values of the samples were measured in-situ 
immediately after collection. 
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H M Geo-referenced water sampling points of pre-monsoon 2007 fn a digitized map of West Godavari 
dhtrfet 






1aMe4.1: Number of water samples collected from different sources of the different 
blocks of the West Godavari district of Andhra Pradesh 


Mandal Open Well 

Tube Well 

HandPump 

Other Source 

Total 

High fertilizer consuming blocks 
Bhimadolu 

2 

20 

7 

1 

30 

Bhimavaram 

16 

- 

2 

2 

20 

Denduluru 

1 

18 

1 

- 

20 

Ganapavaram 

3 

- 

7 

- 

10 

Iragavaram 

9 

2 

19 

- 

30 

Nidadavolu 

2 

11 

6 

1 

20 

Poduru 

4 

6 

10 

- 

20 

Tadepalligudem 

4 

29 

7 

- 

40 

Palakollu 

8 

1 

1 

- 

10 

Pentapadu 

2 

- 

18 

- 

20 

Penumantra 

2 

- 

5 

3 

10 

Undrajavaram 

1 

21 

8 

- 

30 

Unguturu 

11 

32 

5 

2 

50 

Medium fertilizer consuming blocks 

Undi 

10 

3 

13 

4 

30 

Atchanta 

- 

- 

10 

- 

10 

Penugonda 

6 

7 

7 

- 

20 

Peravali 

2 

18 

- 

- 

20 

Tanuku ./■. 

3 

17 

10 

- 

30 

Low fertilizer consuming blocks 

Dwaraka Tirumala 

17 

24 

7 

2 

50 

Kalla 

4 

4 

2 

- 

10 

Total 

107 

214 

145 

14 

480 


4.2 Ferozepur 

After the preliminary survey of the target 
district, first soil and water sampling was started. 
For conducting this, 10 villages were selected 
randomly from each development block of the 
Ferozepur district. Thus 50 villages were selected 
randomly from 10 development blocks of 
Ferozepur district. From each village 10 water 
samples were collected from the running tube wells 


by stratified random sampling during pre- and 
post-monsoon of 2006 and 2007 (Fig. 4.4). From 
each village one soil sample (along with tube well 
water sample used for irrigation) from three depths 
i.e. 0-20, 20-40 and 40-60 cm was collected by the 
use of post hole auger. Thus in all almost 2000 
water samples and 200 soil samples depth-wise 
were collected from the target district Ferozepur. 
GPS was used for recording the geographical 
position of each ofthe sampling spots (Fig. 4.3). 










SAMPLING SITES OF FIROZPUR DISTRICT 


■fe.43 



Ferozepur 

District 

I 

10 Blocks 

i 

From each block 5 
villages were selected 

I 

10 water samples were 
collected from each village 


One soil sample from 0-20, 20-40 
and 40-60 cm depths from each village 


4.3 Hooghly 

Water samples were collected during the 
pre- and post-monsoon seasons of 2006 and 2007 
from open wells, shallow tube wells, mini deep 
tube wells and deep tube wells at 412 odd sites 
(villages) spread over 17 blocks of the Hooghly 
district of West Bengal and GPS was used for 
recording the geographical position of each of the 
sampling spots (Fig. 4.5). As there was almost no 
variation in average fertilizer consumption of the 
17 blocks, all these blocks were not divided in low, 
medium and high category blocks and as such a 
total of 858 number of samples were collected in 
the each of the three seasons (Table 4.2). While 
selecting the wells, preference was given to those, 
which were used as sources of water both for 



r ‘ fe- 4.4: Soil and water sampling scheme tree 






irrigation and drinking purposes. Samples were 
collected in acid washed polythene bottle and care 
was taken to collect the samples after allowing the 
wells to flow for few minutes before collecting the 
samples. Few drops of purified H 2 S0 4 was added to 
each polythene bottle before collecting the samples 


to bring the sample pH down to 2 or less for 
preserving it for determination of N0 3 -N through 
Flow Injection Analyzer (FIA) w hi le pH and EC 
values of the samples were measured in-situ 
immediately after collection. 



Fig.4.5: Geo-referenced water sampling points of pre-monsoon 2007 in a digitized map of Hooghly district 


Table 4.2: Number of water samples collected from different sources of the different blocks of the 


Hooghly district of West Bengal 


Block 



Sources of water sampling 


Well 

TW 

STW 

MDTW 

DTW 

Total 

Mogra 

1 

17 

6 

0 

5 

29 

Balagar 

2 

46 

17 

5 

8 

78 

Pandua 

1 

35 

20 

7 

7 

70 

Polba 

1 

35 

22 

4 

7 

69 

Chanditala-I 

0 

25 

15 

2 

2 

44 

Chanditala-II 

0 

21 

15 

2 

4 

42 

Singur 

1 

28 

14 

1 

4 

48 

Haripal 

0 

42 

17 

5 

3 

67 











Block 


Sources of water sampling 



Well 

TW 

STW 

MDTW 

DTW 

Total 

'-jfVat-I 

0 

25 

15 

4 

3 

47 

■ oghat-II 

0 

26 

15 

5 

8 

54 

Kharaakul-I 

0 

17 

10 

3 

3 

33 

Kbsnakul-II 

0 

17 

11 

3 

2 

33 

Arambag 

1 

39 

21 

7 

5 

73 

Tarakeswar 

0 

26 

20 

2 

2 

50 

Purxura 

0 

22 

12 

3 

5 

42 

D "aniakhali 

0 

32 

16 

2 

3 

53 

mgipara 

1 

17 

12 

2 

4 

36 

Overall 


8 

470 

258 

57 

75 


= Tube Well ; STW: Shallow Tube Well ; MDTW :Midium Deep Tube Well ;DTW: Deep Tube Well 


■L*. Jalgaon 

As per the milestone of the project, water 
Efeir pte were collected from the Jalgaon district on 
t~-i: isis of block-wise fertilizer consumption (N + 
- K,0 kg ha" 1 ). Blocks of the district were 
f . >.d as low fertilizer consuming (<100 kg ha'), 
■B 3 um fertilizer consuming (100-200kg ha’ 1 ) and 
|w_ - fertilizer consuming (> 200 kg ha 1 ) areas for 
■ feeOaig groundwater samples in the ratio of 
: along with 50 soil samples at a depth of 0-20, 

1 — tend 40-60cm. Blocks were divided into three 
.. lies on the basis of the fertilizer 
■-’^notion as low (Pachora, Parola, Chalisgaou, 
■jQ&ln&r and Jamner), medium (Dharangaon, 
fe\_s*wal. Erandol, Chopda, Bodwad) and high 
£ 20 n. Yaval, Muktai Nagar, Raver and 
IfeedgsKMi). One village from each block was 
i . randomly for sampling of water and soil 
low fertilizer consumption, three villages 
kas each block in medium fertilizer consumption 
BEi: six villages from high fertilizer consumption 
l .In each village, ten water samples and one 
H>r . samples site (3 samples at each site 0-20, 20- 
- _ - i 40-60cm depth) were selected. The sample 
sa. h ere kept same to see the temporal (seasonal) 


variations. The target of 500 water samples and 50 
soil samples sites (50 x 3 =150) was met in each 
season. 

Water samples were collected during the 
pre-monsoon 2006 and pre- and post-monsoon 
seasons of 2007 from open wells, tube wells, hand 
pumps and lift (river) at 48 villages spread over 15 
blocks of the Jalgaon district of Maharashtra and 
GPS was used for recording the geographical 
position of each of the sampling spots. Low, 
medium and high fertilizer consumption category 
in blocks and as such a total of 1306 number of 
samples were collected in three seasons. The water 
samples collected in the Jalgaon district during pre 
monsoon 2006, pre monsoon 2007 and post 
monsoon 2007 were 415, 426 and 465 respectively 
(Table 4.3). While selecting the wells, preference 
was "given to those, which are used as sources of 
water both for irrigation and drinking purposes. In 
all 1306 water samples were collected from various 
sources, out of which 83 per cent (1083) and 15 per 
cent (190) water samples were collected from open 
well and tube wells, respectively, in all the seasons. 
Samples collected from different sources are given 
in Table 4.4. 







Table 4.3: Number of water samples collected from different sources of the different blocks of the 
Jalgaon district of Maharashtra. 



Block 

Open Well 

Tube Well Hand Pump Lift (River) 

Total 

High 

Bhadgaon 

155 (95) 

5(3) 

0 

3(2) 

163 


Raver 

73 (47) 

76 (49) 

0 

6(4) 

155 


M’Nagar 

131(80) 

27 (17) 

0 

5(3) 

163 


Yaval 

125 (88) 

15(11) 

1(D 

1(1) 

142 


Jalgaon 

137 (86) 

13 (8) 

8(5) 

2(1) 

160 


Total 

621(79) 

136 (17) 

9(1) 

17(2) 

783 (60) 

Med 

Bodwad 

58(98) 

1(2) 

0 

0 

59 


Chopada 

18(31) 

36(61) 

5(8) 

0 

59 


Erandol 

85 (96) 

4(4) 

0 

0 

89 


Bhusawal 

80 (88) 

9(10) 

0 

2(2) 

91 


Dharangaon 

89 (99) 

1(1) 

0 

0 

90 


Total 

330 (85) 

51 (13) 

5(1) 

2(1) 

388 (30) 

Low 

Pachora 

30(100) 

0 

0 

0 

30 


Parola 

25 (93) 

2(7) 

0 

0 

27 


40’Gaon 

26 (10) 

0 

0 

0 

26 


Amalner 

20 (95) 

1(5) 

0 

0 

21 


Jamner 

31 (100) 

0 

0 

0 

31 


Total 

132 (98) 

3(2) 

0 

0 

135 (10) 


G.Total 

1083 (83) 

190 (15) 

14(1) 

19(1) 

1306 

* Data in parenthesis indicate percentage of total 





Table 4.4: Water samples collected from different sampling aquifer depths in different seasons of 


Jalgaon district 






Source 

Pre-M 06 

Pre-M 07 

Post-M 07 

Total 


Open Well 

350 


357 

376 

1083 


Tube Well 

51 


61 

78 

190 


Hand Pump 

8 


2 

4 

14 


Lift (River) 

6 


6 

7 

19 


Total 

415 


426 

465 

1306 

4.5 

Coimbatore 



Anamalai, 

Kinathukadavu, Pollachi North, 


Coimbatore district consists of 20 blocks, 
namely, Annur, Avinashi, Periyanai-kenpalayam, 
Sarkarsamakulam, Madukkarai, Thondamuthur, 
Perur, Karamadai, Palladam, Sultanpet, Sulur, 


Pollachi South, Pongalur, Tirupur, Gudimangalam, 
Madathukulam and Udumalpet. For the purpose of 
sampling, blocks were divided in to low (Pongalur, 
Annur, Avinashi, Sarcarsamakulam, Palladam and 









Sulur), medium (Periyanaickenpalayam, 
Karamadai, Kinathukadavu, Madukarai, 
Sulltanpet, Tirupvir and Udulmalpet) and high 
•Perur, Thondamuthur, Anamallai, Pollachi-North, 
Pollachi-South, Gudimangalam and 
Maidathukulam) intensity areas based on 
fertilization. The sampling was done following the 
ratio of 4:2:1 for high (>200 kg ha’ 1 ), medium (100- 
300 kg ha ') and low (<100 kg ha' 1 ) fertilizer 
consumption rate. Water samples were collected 
Airing the post monsoon season of 2006, pre- and 
post-monsoon seasons of 2007 from open wells, 
tare wells and hand pumps at different villages 
spread over in the 18 blocks of the Coimbatore 
Asxrict of Tamil Nadu (Table 4.5). Due to the 


industrial influences, the information on samples 
from two blocks viz., Palladam andTirupur, are not 
being reported. While collecting, GPS was used for 
recording the geographical position of each of the 
sampling spots. Using GPS geographical position 
of each of the sampling spot was noted (Fig. 4.6). 
Then the water samples were analysed for pH, EC 
and NOj-N content (using Flow Injection 
Analyser). Horizon wise (0-20, 20-40 and 
40-60 cm) soil samples were also collected from 
representative sites for their analyses for texture, 
pH, EC, and N0 3 -N content to ascribe the possible 
causes for variation in the observed concentration 
of N0 3 in the water samples. 



SAMPLING SITES OF COIMBATORE DISTRICT 


W^Aj6: Geo-referenced water sampling points of pre-monsoon 2007 in a digitized map of Coimbatore district 






Table 4.5; Number of water samples collected from different sources and locations of the different 
blocks of the Coimbatore district, Tamil Nadu 


Block 


Sources of water sampling 



Well 

TW 

STW 

MDTW 

DTW 

Total 

Mogra 

1 

17 

6 

0 

5 

29 

Balagar 

2 

46 

17 

5 

8 

78 

Pandua 

1 

35 

20 

7 

7 

70 

Polba 

1 

35 

22 

4 

7 

69 

Chanditala-I 

0 

25 

15 

2 

2 

44 

Chanditala-II 

0 

21 

15 

2 

4 

42 

Singur 

1 

28 

14 

1 

4 

48 

Haripal 

0 

42 

17 

5 

3 

67 

Goghat-I 

0 

25 

15 

4 

3 

47 

Goghat-II 

0 

26 

15 

5 

8 

54 

KHanakul-I 

0 

17 

10 

3 

3 

33 

Khanakul-II 

0 

17 

11 

3 

2 

33 

Arambag 

1 

39 

21 

7 

5 

73. 

Tarakeswar 

0 

26 

20 

2 

2 

50 

Pursura 

0 

22 

12 

3 

5 

42 

Dhaniakhali 

0 

32 

16 

2 

3 

53 

Jangipara 

1 

17 

12 

2 

4 

36 

Overall 

8 

470 

258 

57 

75 

868 


4.6 


TW: 

Hoshangabad 


Based on the fertilizer usage at 
different blocks (Table 4.6), the district was 
stratified into three groups, that is, high (>125 
kg ha' 1 ), medium (75-125 kg ha' 1 ) and low (<75 
kg ha' 1 ). Three blocks, namely, Hoshangabad, 
Seoni-malwa and Babai were under high 
fertilizer usage category, whereas two blocks, 
Pipariya and Kesla, were under medium 
category, and two others, Bankhedi and 
Sohagpur, were under low category (Table 
4.7). In order to evaluate the effects of soil type 
and cropping systems on nitrate contamination 
of ground waters, water sampling scheme was 


devised to collect samples representing 
different soil types under different crops and 
cropping systems. Also to account for various 
anthropogenic activities in conta mi nating 
groundwater with nitrate, sampling was done 
from various locations which were under the 
influence of crop production, habitation, 
dairy/poultry/agro-based industry, etc. A total 
of 2002 water samples and 200 soil samples 
(from three depths, i.e., 0-5, 15-30, and 30-45 
cm) were collected from the district through 
four seasons in 2006 and 2007. GPS was used 
for recording the geographical position of each 
ofthe sampling spots (Fig. 4.7). 











TWilp 4 . 6 : Total fertilizer consumption (Mg) and rate of usage (kg ha' 1 ) in different blocks of the 


district (2004-05) 


Block 

N 

PA 

k 2 o 

Total (Mg) 

Rate (kg ha' 1 ) 

Seoni-Malwa 

9580 

7457 

521 

17558 

136.9 

Kesla 

1668 

1310 

89 

3066 

82.4 

Hoshangabad 

6574 

5032 

365 

11971 

157.3 

Babai 

3025 

2413 

611 

6065 

126.7 

Sohagpur 

1913 

1796 

113 

3822 

59.3 

1 

Pipariya 

3247 

1689 

255 

5191 

90.8 

Bankhedi 

3609 

1614 

130 

3353 

58.1 

Total 

29616 

21311 

2084 

510288 

103.5 


4.7: Classification of blocks as per fertilizer usage 


, -- - -—-™ r 

High (>125 kg ha') 

Medium (75-125 kg ha' 1 ) 

Low (<75 kg ha' 1 ) 

' - 

Seoni- 

malwa 

Babai 

Pipariya 

Kesla 

Bankhedi 

Sohagpur 

fcftean 

Soybean 

Soybean 

Soybean 

Soybean 

Soybean 

Soybean 


-wheat 

-wheat 

-wheat 

-wheat 

-wheat 

-wheat 


Paddy 

Paddy 

Soybean 

Maize 

Paddy 

Soybean 

-«kat 

-Wheat 

-Wheat 

-veg. 

-Wheat 

-Wheat 

-veg. 


Paddy 

Paddy 

Maize 

Soybean 

Sug arcane 
based 

Soybean 


-veg. 

-gram 

-gram 

-veg. 


-gram 



SAMPLING SITES OF HOSHANGABAD DISTRICT 


: Geo-referenced water sampling points of pre-monsoon 2007 in a digitized map of Hoshangabad district 





































In Hoshangabad, there is a network of 
irrigation canals under the Narmada-Tawa 
command area through which the majority of areas 
of the district is irrigated. There is a preponderance 
of open well in the blocks of Hoshangabad, Seoni- 
malwa and Babai, which are under the influence of 
Narmada-Tawa command. The depth of water 
table is also quite low in these blocks. Open wells 
and tube wells are used both for drinking and 


irrigation purposes and are well distributed i : 
crop field and residential areas. On the other 
hand pumps are mostly located in the resi; 
and community areas, and are mostly used 
drinking water purpose. The number of v a 
samples from high, medium and low area 
1139, 607, and 256, respectively (Table 4,S : 
pre- and post-monsoon of2006 and 2007. 


Table 4.8: Groundwater samples collected in different seasons 


Intensity of 
fertilizer usage 

Blocks 

Pre- 

monsoon 

2006 

Post¬ 

monsoon 

2006 

Pre¬ 

monsoon 

2007 

Post¬ 

monsoon 

2007 


High 

Seoni-malwa 

93 

99 

100 

100 

ira 

(1139)* 

Babai 

70 

86 

99 

99 

: - 


Hoshangabad 

105 

90 

99 

99 


Medium 

Piparia 

87 

84 

80 

80 


(607) 

- ... A r -—" 

Kesla 

47 

71 

79 

79 

_dJ 

Low 

Bankheri 

64 

33 

35 

35 


(256) 

Sohagpur 

9 

20 

30 

30 

I 

Total 

475 

483 

522 

522 



* Data in parentheses indicate total number of water samples collected in four samplings 


Nitrate pollution in water bodies generally 
happens through non-point sources and therefore it 
is difficult to ascertain the linkage of nitrate 
contamination to any particular source of water. In 
view of this, samples have been collected from 
different sources in proximity to or under the 
inf luence of various anthropogenic activities, 
namely crop production, habitation, dairy/poultry, 
etc. During pre and post-monsoon of 2006 and 
2007, 1269 water samples were collected from 
sources in proximity to crop fields, 684 samples 
from habitation areas, and 49 samples having the 
influence of dairy/poultry/agro based industry, etc. 
1040 water samples were collected from open 
wells, 537 samples from tube wells, 411 samples 


from hand pumps and 14 samples :* - 
sources (Table 4.9). 


The source x location me: - 
(Table 4.10) shows that out of 1260 
collected from field areas, majority - 
open wells (65.9%) and the rest to 
(34.1%). On the other hand, _ 
preponderance of hand pumps in the 
areas (58.1%) followed by open v. e 
and tube wells (14%). There was - - 
equal distribution of samples co’ e: - - 
dairy/poultry areas into open wefc 
tube wells (27.1%) and hand pump - : 


*1 




































faWe 4.9: Number of water samples collected from different sources and locations 


Stock 

Source 

Location 

Open 

well 

Tube 

well 

Hand 

Pump 

1 Others 

Field 

1 Habitation 

Dairy 

Seoni-malwa 

276 

45 

71 


216 

160 

16 

dabai 

152 

101 

97 

4 

230 

120 

4 

Hoshangabad 

227 

79 

81 

6 

226 

156 

11 

r^oana 

116 

132 

82 

1 

207 

115 

9 

vesla 

167 

69 

37 

3 

212 

57 

7 

Bankhedi 

43 

91 

33 

— 

109 

56 

2 

Sobagpur 

39 

20 

10 

— 

69 

20 


Total 

1040 

537 

411 

14 

1269 

684 

49 


Table 4.10: Number of water samples collected from different sources representing different 
anthropogenic activities 


Location^— 

^--■''■■■''Source 

Field 

Habitation 

Dairy 

Total 

" pen well 

831 (65.9) 

190 (27.9) 

19 (39.6) 

1040 (52.3) 

Tube well 

429 (34.1) 

95 (14.0) 

13 (27.1) 

537 (27.0) 

Band pump 

0 

395 (58.1) 

^16 (33.3) 

411 (20.7) 

Total 

1260 (63.3) 

680 (34.3) 

48 (2.4) 

'1988 


-snz in parenthesis indicate the per cent of total 


5. Collection, Preservation and Analysis 

of Groundwater Samples 

5.1 Well inspection 

Before purging or sampling, all wells were 
inspected. Well depths were measured with the 
acme instrument used to measure the water level. 
The surrounding soil and vegetation or other 
rejects in the immediate vicinity of the well were 
inspected. Based on site-and well-specific 
information collected from the owner of the well, a 
decision was made regarding the number and depth 
of discrete, depth-specific, samples needed. 


5.2 Order of sampling 

In cases where water quality data were 
available, purging and sampling of wells began 
with the least contami-nated wells and proceeded 
to increasingly contaminated wells. 

Where the distribution of contaminants is 
not known, purging and sampling activities began 
with wells considered to be upgradient from likely 
source(s) of contamination and finish with 
downgradient wells closest to suspected contami¬ 
nation. 


















































Where application of the term 
“upgradient” could not be applicable and previous 
water quality data were not available, wells 
considered to be background wells were purged 
and sampled first. 

5.3 Water-level measurements 

Water level probes were deconta-minated 
by triple-rinsing with clean control water and 
drying with clean before use in each well. The 
depth-to-water was referenced to the measuring 

5.4 Sample collection from different sources 


point marked at the top of the innermost well casing. 

Sample containers for nitrate anal> - 
were prepared in advance in the laboratories w 
H 2 S0 4 as a preservative. The containers were.I 
approximately 90-95% full with unfiltered wa— 
pH and EC values of the samples were measure 
in-situ immediately after collection. Durr. 
collection, GPS were used for recording 
geographical position of each of the sampling spots. 


Tap water 

Un-rusted taps were selected for collection of water samples. 
These taps were properly cleaned and allowed to flow for a 
few minutes before collecting the sample. 

Tube-well water 

The water samples from tube wells were collected after 
allowing them to flow for at least 10 minutes to get 
representative sample of the groundwater. 

Hand pump/Dug well water 

Water samples were collected from hand pumps or dug wells 
after purging of the handpump or well. 

Stream water/surface water 

Water samples were collected from the centre of the 

stream/other water bodies 

Dams, rivers and lakes 

It was difficult to obtain a truly representative sample when 
collecting surface water samples. Sampling point was 
selected carefully (near to bank in case of river) to avoid any 
kind of debris in the water. 


5.5 Sample containers, filling method, preservation and holding times 


Parameter 

Volume/ Type 

Fill method" 

Preservation* 

Holding time 

Nitrate 

250 ml; 
Polyethylene 

Leave head space 

H 2 SCVpH<2 Lab, 
Cool 

28 days 

PH and EC 

2xlL; 

Polyethylene 

Fill from bottom 

Measure at site 

2 hours 


* Fill container about 90 to 95 % full -do not allow preservative (if present) to be diluted by overfilling container 

# Add a predetermined amount of high-purity H 2 S0 4 to sample to bring the sample pH down to 2 or less; 

Lab = Preservative added to container in laboratory before going into the field, 

Cool=Bring temperature down to 4° C and hold at approximately 4° C. 
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5.6 Analysis of nitrate in water and soil 

extract 

Determination of nitrate is difficult 
recause of the relatively complex procedures 
-equired, the high probability of ionic interferences 
ind limited concentration range of various 
Techniques. For uncontaminated water (low in 
organic matter), UV technique at 220nm is 
suitable. Besides, nitrate may be determined by ion 
; nromatographic method, nitrate electrode 
rrethod, Cd reductions method, hydrazine 
reduction method, etc. The excellent sensitivity, 
reproducibility, and accuracy of the Griess-Ilosvay 
method for determining NO/ has lead many 
investigators to develop procedures whereby N0 3 
~a> be reduced to N0 2 and determined by the 
uriess-Ilosvay technique. The method described 
frr colorimetric analysis of NO/ involves the use 
: r a large sized copperized Cd column for 
reduction of NO/ to NO/ and detection of NO/ 
r.armed by the Griess-Ilosvay procedure. This 
Technique was selected because it is relatively 
simple, not subject to interference by common 
constituents in soil extracts, and amenable to 
analysis of 2M KC1 extracts of soil. 

The colorimetric methods generally 
employed for determination of NO/ are based on 
— e fact that NO, reacts with primary aromatics 
amines (diazotizing reagents) in acidic solution to 
produce diazonium salts and that these salts react 
couple) with aromatic compounds containing 
specific amino or hydroxyl groups (coupling 
reagents) to form colored azo compounds that are 
' -itable for visual or spectrometric measurement. 
The chief modifications in recent years have been 
me use of sulfanilamide instead of sulfanilic acid 
:or the diazotization reaction and the use of N- (1- 
raphthyl)-enthylenediamine instead of 1- 
raphthyl-amine for the coupling reactions. It has 
reen found that use of these reagents increases the 
me of color development, the stability of the color, 
md the sensitivity ofthe method 


Considering the sample load, sensitivity of 
methods and level of interferences, automated Cd 
reductions based colorimetric methods (Flow 
Injection Analysis) was adopted in this project, and 
nitrate analysis of water samples from all the target 
districts was performed at IISS Bhopal with the 
help of Flow Injection Analyzer (Model: FOSS 
FIAstar5000). 

6. Results 

6.1 Level and extent of nitrate contamination 

6.1.1 West Godavari 

There was significant variation in N0 3 -N 
load of groundwater samples collected from 
different blocks (Table 6.1). On average, theN0 3 -N 
load of groundwater of Ganapavaram, 
Bhimavaram and Poduru was higher than that of 
others compared (Table 6.1). Although the N0 3 -N 
load in groundwater samples collected from 
different blocks of the studied district varied 
significantly, its average load was not more than 10 
mg L 1 , the threshold limit fixed by WHO for 
drinking purpose. There was a significant variation 
in the N0 3 -N load of groundwater samples 
collected from different sources (Table 6.2). In 
general, with increasing depth of aquifers, the N0 3 - 
N loads of groundwater samples decreased. On an 
average, the N0 3 -N load of groundwater of open 
well was the highest and that of deep tube well was 
the lowest. Average depth of sampling of aquifers 
were as follows: deep-tube well (>150ft) > mini¬ 
deep tube well (50-100ft) > shallow-tube well 
(<50ft) > Hand pump ((<50ft) > Open well (<30ft) 
(Fig.6.1).The detailed frequency distribution of 
N0 3 -N content of groundwater samples collected 
from different blocks is presented in Table 6.3. Out 
of total 1440 samples analyzed, 8% samples were 
within the range of 0-10 mg L 1 and about 20 per 
cent were above 10 mg L 1 range. 







Table6.1: Variation in NO a -N load of 
groundwater samples collected 
from different blocks 


Mandal 

Range 

Mean 

SD 

High fertilizer consuming blocks 


Nidadavolu 

0-70.88 

5.63 

11.20 

Unguturu 

0-23.73 

4.53 

4.63 

Tadepalligudem 

0-16.09 

1.97 

3.43 

Iragavaram 

0-45.16 

6.69 

9.73 

Undi 

0-47.21 

3.35 

6.94 

Bhimadolu 

0-11.72 

2.91 

2.38 

Bhimavaram 

0-70.13 

17.56 

23.78 

Ganapavaram 

0-72.91 

34.42 

15.83 

Pentapadu 

0-44.90 

13.57 

11.18 

Undrajavaram 

0-60.58 

10.96 

11.25 

Penumantra 

0-53.06 

10.30 

13.26 

Poduru 

0-61.15 

14.00 

18.55 

Palakollu 

0-20.10 

5.77 

6.37 

Denduluru 

0-6.94 

1.83 

1.69 

Average 

0-43.18 

9.54 

10.02 

Medium fertilizer consuming blocks 

- 

Penugonda 

0-22.89 

3.11 

4.75 

Atchanta 

0-42.61 

16.03 

12.86 

Peravali 

0-36.68 

14.95 

11.56 

Tanuku 

0-18.11 

2.54 

4.32 

Average 

0-30.07 

9.16 

8.38 

Low fertilizer consuming blocks 


Dwarakatuirumala 

0-23.30 

4.63 

3.64 

Kalla 

0-36.20 

7.49 

12.29 

Average 

0-29.75 

6.06 

7.96 

Overall 

0-39.22 

9.11 

9.48 


Table 6.2: Overall variations in N0 3 -N (mg 1 
loading of water samples colic 
from different sampling sour 
(West Godavari) 


Source (nos) 

NOj-N (mg L ') 

Range 

Mean 

Open we 11(107) 

0.02-72.91 

11.09 

Tube we! 1(214) 

0.01-61.15 

6.19 

Hand pump(145) 

0.03-70.8 

9.95 

Tanks (14) 

0.01-62.8 

10.18 



4 5 

Range of N03-N 


.1: Overall variations in NO s -N (mg L' 1 ) load : 
of water samples collected from differ .t 
sampling depths (West Godavari) 
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Table 6. J: Detailed frequency distribution of NO a -N loading in groundwater samples of the West 
Godavari district of Andhra Pradesh 


MANDAL 

No. of 
Samples 

Range 

ND 

0-1 

1-3 

3-7 

7-10 

>10 

3himadolu 

90 

10(11.1) 

11(12.2) 

27(30) 

39(43.3) 

3(3.3) 


zioimavaram 

60 

5(5.6) 

10(11.1) 

6(6.7) 

9(10) 

9(10) 

21(23.3) 

Denduluru 

60 

18(20.0) 

696.7) 

18(20) 

18(20) 



^anapavaram 

30 



3(3.3) 

2(2.2) 

2(2.2) 

23(25.6) 

-ragavaram 

90 

10(11.1) 

20(22.2) 

3(3.3) 

15(16.7) 

9(10) 

33(36.7) 

Vdadavolu 

60 

13.6(13.3) 

24(26.7) 

12(13.3) 


9(10) 

3(3.3) 

Filakollu 

30 

5(5.6) 

10(11.1) 


6(6.7) 

3(3.3) 

6(6.7) 

J .tapadu 

60 

1(1.1) 

5(5.6) 

6(6.7) 

9(10) 

3(3.3) 

36(40) 

Fenumantra 

30 

2(2.2) 

7(7.8) 

6(6.7) 

3(3.3) 


12(13.3) 

F :duru 

60 

9(10) 

21(23.3) 

3(3.3) 

3(3.3) 


24(26.7) 

Tidepalligudem 

120 

24(26.7) 

30(33.3) 

48(53.3) 

15(16.7) 


3(3.3) 

Vadi 

90 

19(21.1) 

' 41(45.6) 

6(6.7) 

9(10) 

6(6.7) 

9(10) 

--drajavaram 

90 

8(8.9) 

13(14.4) 

15(16.7) 

15(16.7) 

12(13.3) 

27(30) 

_ "guturu 

150 

8(8.9) 

16(17.8) 

60(66.7) 

39(43.3) 

9(10) 

18(20) 

V.chanta 

30 



6(6.7) 

9(10) 

3(3.3) 

12(13.3) 

: -.r.jgonda 

60 

13(14.4) 

20(22.2) 

6(6.7) 

9(10) 

6(6.7) 

6(6.7) 

F eravali 

60 

8(8.9) 

16(17.8) 

6(6.7) 



30(33.3) 

~^r.uku 

90 

19(21.1) 

50(55.6) 

3(3.3) 

6(6.7) 

9(10) 

3(3.3) 

Z*-araka 

rumala 

150 

9(10) 

15(16.7) 

36(40) 

69(76.7) 

3(3.3) 

18(20) 


30 

9(10) 

12(13.3) 

3(3.3) 



-^- J. | 

6(6.7) 

:^1 

1440 

189 

327 

273 

275 

86 

290 

^rcentage 

100 

13.13 

22.71 

18.96 

19.10 

5.97 

20.14 


_5»a in parenthesis indicate per cent of total 


&,i. 2 Ferozepur 

First sampling 

Nitrate-N concentration of ground waters 
f Ferozepur district varied from nil to 20 mg L" 1 
a mean value of 2.59 mg L 1 (Table 6.4). In 
"faihu block, nitrate was absent in all the water 


samples of different villages. In Ferozepur block 
highest range (0-20 mg L' 1 ) of nitrate concentration 
was observed with a mean value of 7.07 mg L' 1 . Per 
cent distribution of water samples according to 
different NO s -N concentration has been shown in 
Table 6.5. In the district, 6.2 per cent of the 
collected water samples contained more than 10 





















































































NOs - N. Further N0 3 -N was absent in 31.8 Abohar blocks 22 and 16 per cent water 
percent water sample and 16.4,23.4,12.6,3.2 and were having N0 3 -N concentration more 
6.4 per cent samples contained <1,1-3,3-5,5-7 and mgL 1 . 

7-10 mg L NOj-N, respectively. In Ferozepur and 


Table 6.4: Range of N0 3 -N and electrical conductivity in water of different blocks of Feroi 
district 


Block 

NOj'-NCmg L 1 


E< 

C(dS m 1 ) 

Range 

Mean 

S,D. 

Range 

Mean 

S.D. 

Matndoi 

0 - 3.75 

1.35 

1.009 

0.461-2.794 

0.998 

0.383 

Guru har sahai 

0 - 7.82 

2.47 

1.903 

0.408 -1.831 

0.912 

0.294 

Jalalabad 

0-13.88 

2.87 

3.272 

0.749 - 6.974 

2.t86 

1.527 

Abohar 

0- 15.04 

4.9 

4.822 

0.404 - 7.580 

2.567 

1.589 

Khuian sarwar 

0-15.06 

4.97 

3.094 

0.775- 9.680 

3.253 

2.048 

Fazilka 

0-15.45 

4.35 

3.939 

0.680 - 6.420 

2.570 

1.404 

Ghall khurd 

0 - 4.05 

1.59 

1.157 

0.520-3.614 

1.361 j 

0.711 

Ferozepur 

0 - 20.00 

7.07 

6.206 

0.450 - 3.950 

1.458 

0.684 

Zira 

0 - 14.06 

3.61 

3,114 

0.511 -3.227 

1.181 

0.681 

Makhu 

Absent 

* 

- 

0.293 -1.189 

0.619 

0.238 

Overall 

0 - 20.00 

2.59 

- 

0.404 - 9.680 

1.710 

- 


Table 6.5: Per cent distribution of water samples according to different N0 3 -N concentrations 


Block 

N0 3 -N(mg L' 1 ) 

ND 

<1 

1-3 

3-5 

5-7 

7-JO 

>10 

Mamdot 

34 

34 

28 

4 

- 

** 

_ 

Guru har sahai 

38 

18 

24 

14 

4 

2 


Jalalabad 

34 

22 

20 

16 

* 

4 

4 

Abohar 

14 

22 

24 

8 

6 

10 

16 

Khuian sarwar i 

6 

4 

26 

32 

2 

24 

6 

Fazilka 

8 

r i6 

32 

14 

12 

8 

10 

Ghall khurd 

34 

26 

Hjo 

10 

_ 



Ferozepur 

34 

8 

16 

12 

2 

6 

22 

Makhu 

100 

- 

* 

- 

_ 

* 


Zira 

16 

14 

34 

16 

6 

10 

4 

Overall 

31.8 

16.4 

23.4 

12.6 

3.2 

6.4 

6.2 
















































































Second sampling 

Nitrate-N concentration of ground waters 
of Ferozepur district during 2nd sampling is shown 
in Table 6.6. It varied from nil to 48.2 mg L' 1 with a 
mean value of 3.5 mg L 1 . In Makhu block nitrate 
concentration of different selected villages again 
varied from nil to 0.25 mg L' 1 with a mean value of 
0.02 mg L 1 . During 1 st sampling nitrate was absent 
in all the water samples collected. So during 
second sampling, five different villages were 
selected and water samples were collected from 
these villages. Thus it is quite evident from the 
survey that nitrate was almost absent or in very 
negligible amounts of the sampled areas. Per cent 


distribution of water samples according to different 
N0 3 —N concentrations is shown in Table 6.7. 

It is evident from the data that 9.6 per cent 
water samples contained N0 3 -N more than 10 mg 
L 1 as compared to 6.2 per cent during previous 
sampling. NO a -N was not detectable in 31.3 per 
cent water samples. During repeat sampling 10.4, 
22.1, 18.3, 5.4 and 2.9 per cent water samples 
containedN0 3 '-N<1,1-3, 3-5, 5-7 and7-10mgL 1 
respectively in this district as a whole. In Fazilka 
block during repeat sampling 21.7 percent water 
samples contained NO s -N more than 10 mg L 1 as 
compared to 10 per cent during 1 st sampling. 


Table 6 . 6 : Range of N0 3 -N and electrical conductivity in water of different blocks 


Block 

no 3 - 

N(mg L 1) 

EC(dS m" 1 ) 

Range 

Mean 

S.D. 

Range 

Mean 

S.D. 

Guru har sahai 

0.0 - 7.45 

2.06 

1.754 

0.403-1.990 

1.049 

0.308 

Jalalabad 

0.0-7.40 

2.15 

2.476 

0.725-10.09 

3.064 

3.380 

Abohar 

0.0-16.90 

7.7 

6.712 

0.634-5.236 

2.831 

1.619 

Khuian sarwar 

0.0-7.65 

' 2.66 

2.741 

0.881-8.600 

2.912 

2.643 

Fazilka 

0.0-48.20 

6.7 

9.77 

0.619-6.700 

2.346 

1.419 

Makhu 

0.0-0.25 

0.02 

0.057 

0.302-1.196 

0.670 

0.237 

Zira 

0.0-15.60 

3.74 

3.53 

0.573-5.891 

1.283 

0.937 

Overall 

0.0-48.2 

3.5 

5.62 

0.302-10.09 

1.642 

1.574 


Table 6.7: Per cent distribution of water samples according to different N0 3 -N concentrations 


Block 

N< 

O 3 ' -N(mg L' 1 ) 

ND 

<1 

1-3 

3-5 

5-7 

7-10 

>10 

Guru har sahai 

20 

16 

38 

22 

2 

2 

- 

Jalalabad 

44.4 

5.5 

5.6 

33.3 

5.6 

5.6 


Abohar 

10.5 

15.8 

15.8 

- 

5.3 

5.3 

47.3 

Khuian sarwar 

14.3 

28.6 

14.3 

28.6 

«. 

14.2 


Fazilka 

2.2 

4.3 

37.0 

26.1 

8.7 


21.7 

Makhu 

90 

10 

- 

- 


_ 


Zira 

16 

8 

24 

26 

12 

6 

8 

Overall 

31.3 

10.4 

22.1 

18.3 

5.4 

2.9 

9.6 


















































Third sampling 

Nitrate-N concentration of ground waters 
of Ferozepur district during 3rd sampling is shown 
in Table 6.8. It varied from nil to 42.97 mg L' 1 with 
a mean value of 4.62 mg L"l. In Makhu block 
nitrate concentration of different selected villages 
varied from nil to 2.87 mg L' 1 with a mean value of 
1.09 mg L' 1 . During 1 st sampling nitrate was absent 


in all the water samples collected. So during second 
sampling, five different villages were selected and 
water samples were collected from these villages 
and their concentrations varied from nil to 0.25 mg 
L 1 with a mean value of 0.02 mg L 1 .Thus it is qui:. 
evident from the survey that nitrate concentrati t 
was very less in the sampled areas. Per cerf 
distribution of water samples according to differrr : 
NO,-N concentration is shown in Table 6.9. 


Table 6.8: Range of NO a -N and electrical conductivity in water of different blocks of Ferozepur 


r> | |. 

N0 3 -N(mg 


EC(dS m 1 ) 

lilOCk 

Range 

Mean 

S.D. 

Range 

Mean 

S.D. 

Mamdot 

0- 2.96 

0.58 

0.89 

0.545-2.772 

1.132 

0.381 

Guru har sahai 

0- 28.95 

4.24 

6.93 

0.412-2.616 

1.460 

0.568 

Jalalabad 

0- 34.1 

4.70 

7.19 

0.905-7.372 

2.139 

1.117 

Abohar 

0- 10.35 

2.96 

2.54 

1.407-9.592 

3.849 

1.939 

Khuian sarwar 

0- 42.97 

8.9 

10.54 

0.414-9.718 

3.703 

2.647 

Fazilka 

0 - 39.69 

9.37 

9.51 

0.901-5.815 

2.641 

1.107 

Ghall khurd 

0-25.37 

4.14 

6,19 

0.695-5.939 

1.981 

1.659 

Ferozepur 

0- 40.01 

8.77 

11.28 

0.875-2.315 

1.456 

0.470 

Makhu 

0- 2.87 

1.09 

1.33 

0.649-7.125 

0.983 

0.904 

Zira 

0- 14.44 

Hi. 5 

2.61 

0.716-3.325 

1.433 

0.681 

Overall 

0 - 42.97 

4.62 

7.51 

0.412-9.718 

1.949 

1.560 


Table 6.9: Per cent distribution of water samples according to different N0 3 - N concentrations 


Block 

N< 

[V"N(mg L 1 ) 

ND 

<1 

1-3 

3-5 

5-7 

' 7-10 

>10 

Mamdot 

56 

16 

28 

_ 

- 

_ 

HU 

Guru har sahai 

50 

18 

4 

4 

4 

_ 

20 

Jalalabad 

27.5 

10 

22.5 

17.5 

15.0 

- 

7.5 

Abohar 

20 

13 

19 

42 

* 

3 

3 

Khuian sarwar 

! 7 

12 

21 

11 

7 

19 

23 

Fazilka 

10 

12 

18 

10 

4 

4 

42 

Ghall khurd 

37 

8 

27 

8 

4 

4 

12 

Ferozepur 

31 

2 

20 

14 

2 

_ 

31 

Makhu 

oO 

- 

40 

- 

- 

- 


Zira 

10 

10 

28 

36 

8 

6 

2 

Overall 

31.5 

10.0 

23.0 

^3.2 

4.3 

3.5 

14.5 




























































It was evident from the data that 14.5 per 
: - r - water samples contained N0 3 -N more than 10 
L as compared to 9.6 and 6.2 per cent during 
and 1st sampling. During third repeat 
.-~pling NOj-N was absent in 31.5 per cent water 
amples. Further <10, 23, 13.2, 4.3, 3.5 and 14.5 
®r cent water samples contained <1, 1-3, 3-5, 5-7, 
-.0 and >10 mg L 1 N0 3 ‘N concentration. In 
-■sziLka block during repeat sampling 42 percent 
ssa-er samples contained N0 3 -N more than 10 mg 

- as compared to 21.7 and 10 per cent during 2nd 
1 st sampling, respectively. 

1.3 Hooghly 

There was significant variation in N0 3 -N 
t-v-ii of groundwater samples collected from 


different blocks (Table 6.10). On average, the N0 3 - 
N load of groundwater of Arambag, Dhaniakhali 
and Polba blocks was higher than that of others 
compared (Table 6.10). Although the N0 3 -N load 
in groundwater samples collected from different 
blocks of the studied district varied significantly, 
its load was well below the 10 mg L 1 , the threshold 
limit fixed by WHO for drinking purposes. There 
was always a significant variation in the N0 3 -N 
load of groundwater samples collected from 
different sources (Table 6.11). In general, with 
increasing depth of aquifers, the N0 3 -N loads of 
groundwater samples decreased. On average, the 
N0 3 -N load of groundwater of well was the highest 
and that of deep tube well was the lowest. Average 
depths of sampling aquifers were as follows: deep- 


Mble 6.10: Variation in NO a -N load of groundwater samples collected from different blocks of the 
Hooghly district of West Bengal 


NO3-N loading in groundwater (me L 1 ! 

- --- ~ \ " _ £_ 


Blocks 

Range 

Mean 

SD 

Mogra 

0.12-2.01 

0.60 

0.31 

3 a! a gar 

0.16-2.44 

0.79 

0.45 

Pandua 

0.06-3.58 

0.73 

0.55 

Polba 

0.12-6.42 

0.89 

0.84 

Phanditala-I 

0.13-2.36 

0.64 

0.39 

P handitala-II 

0.12-4.11 

0.80 

0.68 

:MH£ur 

-__ . 

0.07-4.13 

0.74 

0.67 

riariDal 

■t 

0.12-3.18 

0.83 

0.55 

a ghat-I 

0.02-2.56 

0.61 

0.53 

. oghat-II 

0.05-4.03 

0.81 

0.82 

•vhanakul-I 

0.06-4.23 

0.63 

0.71 

vhanakul-II 

0.16-4.11 

0.71 

0.63 

\rambag 

0.01-6.41 

0.94 

0.99 

Tarakeswar 

0.04-2.34 

0.63 

0.42 

Pursura 

0.17-4.01 

0.70 

0.57 

Dhaniakhali 

0.04-6.11 

0.83 

0.91 

^irsipara 

0.02-3.58 

0.61 

0.56 

Jverall 

0.01-6.42 

0.76 

0.67 























































































Table 6.11: Overall variations in N0 3 -N (mg L 1 ) loading of water samples collected from different 
sampling aquifer depths 


Source (nos) 

Depth (m) 

NO-,-1 

N (me L‘‘) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Well (8) 

18.3-30.5 

23.62 

4.23 

0.54-2.16 

1.43 

0.50 

TW (470) 

24.4-106.7 

46.24 

9.79 

0.04-6.42 

1.04 

0.74 

STW (258) 

36.6-85.3 

58.57 

8.49 

0.02-4.25 

0.45 

0.35 

MDTW (57) 

42.7-106.7 

67.70 

11.87 

0.06-0.88 

0.37 

0.14 

DTW (75) 

91.4-152.4 

113.93 

12.04 

0.01-0.77 

0.24 

0.11 


tube well (113.m) > mini-deep tube well (67.7 m) > 
shallow-tube well (58.6 m) > tube-well (46.2 m) > 
open well (23.6 m). The detailed frequency 
distribution of N0 3 -N loading of groundwater 
samples collected from different blocks is 


presented in Table 6.12. From the Table it w; 
evident that out of total 2604 samples analyze: 
81.1% samples were within the range of 0-1 mg L 
and only 1.9% was within 3-7 mg L' 1 range with 
maximum value of 6.42 mg L' 1 . 


Table6.12: Detailed frequency distribution of NO a -N loading in groundwater samples of 
Hooghly district of West Bengal 




Number (per cent) of samples having NO 3 -N loading (mg L 

- 1 ) 

Blocks 

ND 

0-1.0 

1.0-3.0 

3.0-7.0 

7.0-10.0 

> 10.0 

Total 

Mogra 

0 

81(93.1) 

6 (6.9) 

0 

0 

0 

87 (1001 

Balagar 

0 

184(78.6) 

50 (2 i .4) 

0 

0 

0 

234(100* 

Pandua 

0 

179(85.2} 

28(13.3) 

3(1.4) 

0 

0 

210(100* 

Polba 

0 

158 (76.3) 

42(20.3} 

7 (3.4) 

0 

0 

207 (10m ] 

Chanditala-I 

0 

122 (92.4) 

10(7.6} 

0 

0 

0 

132 (100* 

Chanditala-II 

0 

97(77.0) 

26 (20.6) 

3 (2.4) 

0 

0 

126 (100* 

Singur 

0 

115 (79.9) 

26(18.1) 

3(2.1) 

0 

0 

144(100! 

Haripa] 

0 

154 (76.6) 

46 (22.9) 

1 (0.5) 

0 

0 

201 (100* 

Goghat-I 

0 

118(83.7) 

23 (16.3) 

0 

0 

0 

141(100* 

Goghat-II 

0 

123 (75.9) 

32 (19.8) 

7 (4.3) 

0 

0 

162 (100* 

Khanakul-I 

0 

91 (91.9) 

6(6.1) 

2 (2.0) 

0 

0 

99(100 j 

Khanakui-Il 

0 

85 (85.9) 

11(11.1) 

3 (3.0) 

0 

0 

99 (100 j 

Aratnbag 

0 

151 (68.9) 

59 (26,9) 

9(4.1) 

0 

0 

219(100* 

Tarakeswar 

0 

128 (85.3) 

22 (14.7) 

0 

0 

0 



150 (100* 

Pursura 

0 

108 (85.7) 

17 (13.5) 

1 (0.8) 

0 

0 

126(100* 

Dhaniakhali 

0 

123 (77.4) 

27 (17.0) 

9 (5.7) 

0 

0 

159(100* 

Jangipara 

0 

95 (88.0) 

11 (10.2) 

2(1,9) 

0 

0 

O 

OO 

O 

O 

Overall 

0 

2112(81.1) 

442 (17.0) 

50(1.9) 

0 

0 

2604(100* 

































































































6.1.4 Jalgaon 

The N0 3 -N load of groundwater samples 
collected from different blocks (Table 6.13) was 
not detected in the pre-monsoon 2006. But during 
pre and post-monsoon of 2007 the nitrate was 
detected in only in three samples in each season. 
During pre monsoon 2007 season nitrate was 
detected in Chalisgaon, Raver and Muktai nagar 
and during post monsoon 2007 season nitrate was 
detected in Jalgaon, Bhadgaon and Dharangaon 
blocks only. By and large no nitrate load was found 
in the Jalgaon district. In general, the nitrate was 
not detected in the water samples during all the 
ihree seasons but only in six samples it was 
detected (Table 6.14). However, out of six samples, 
:wo samples recorded No 3 -N more than 10 mg L' 1 
1 WHO limit) whereas three samples were within 
3-7 mg L' 1 and only one sample was between 1-3 
mgL' 1 . 


Table 6.13: Nitrate loadings in water (mg L' 1 ) in 
different blocks of the Jalgaon 
district of Maharashtra. 


Block 

Range 

Mean 

No of 
samples 

Bhadgaon 

0-16.78 


160 

Raver 

0-4.85 


147 

M'Nasar 

0-6.08 


161 

Yaval 

0 

0 

133 

Jalgaon 

0-18.93 


149 

Bodwad 

0 

0 

69 

Chopada 

0 

0 

77 

Erandol 

0 

0 

87 

Bhusawal 

0 

0 

91 

Dharangaon 

0-1.84 


91 

Pachora 

0 

0 

30 

Parola 

0 

0 

29 

40'Gaon 

0-6.82 


28 

Amalner 

0 

0 

23 

Jamner 

0 

0 

30 

Grand Total 

0-18.93 


1306 


Table 6.14: Frequency distribution of nitrate(mg L )contamination in different blocks of water 
samples in Jalgaon district (3-samplings) 


Block 

ND 

0-1 

1-3 

3—7 

7-10 

> 10 

Total 

Hi eh FU 

■■■—■ _ 








Bhadgaon 

159 

0 

0 

0 

0 

1 

160 

Raver 

147 

0 

0 

1 

0 

0 

148 

M'Nagar 

160 

0 

0 

1 

0 

0 

161 

Yaval 

133 

0 

0 

0 

0 

0 

133 

Jalgaon 

148 

0 

0 

0 

0 

1 

149 

Medium FU 








Bodwad 

69 

0 

0 

0 

0 

0 

69 

Chopada 

77 

0 

0 

0 

0 

0 

77 

Erandol 

87 

0 

0 

0 

0 

0 

87 

Bhusawal 

91 

0 

0 

0 

0 

0 

91 

Dharangaon 

90 

0 

1 

0 

0 

0 

91 

Low FU 








Pachora 

30 

0 

0 

0 

0 

0 

30 

Parola 

29 

0 

0 

0 

0 

0 

29 

40'Gaon 

27 

0 

0 

1 

0 

0 

28 

Amalner 

23 

0 

0 

0 

0 

0 

23 

Jamner 

30 

0 

0 

0 

0 

0 

30 

Grand Total 

1300 

0 

1 

3 

0 

2 

1306 

























































6.1.5 Coimbatore 

The mean N0 3 -N content of groundwater 
samples of different blocks varied from 5.20 to 
9.52 mg L’ 1 with the overall mean value of 6.74 mg 
L' 1 (Table 6.15). Significant variation in N0 3 -N 
content of groundwater samples collected from 
different blocks was observed while comparing the 
mean values of the N0 3 -N content, groundwater 
samples collected from Gudimangalam, 
Periyanaickenpalayam and Sultanpet blocks 


recorded higher values compared to other 
studied. Although the N0 3 -N content 
groundwater samples collected from dit 
blocks of the selected district varied signith 
its content was well below the critical level 
mg I/ 1 . 

The variations in the N0 3 -N content 
groundwater samples collected from diffe 
sources are given in Table 6.16. The mean aqui- 
depth ranged from 28.7 to 352.0 feet, while 


Table6.15: Variation in NO a -N load of groundwater samples collected from different blocks of 1 
Coimbatore district of Tamil Nadu 


Blocks 

Nitrate-N loading in groundwater (mg L' J ) 

Range 

Mean 

SD 

Low intensity 

Pongalur 

0.7 - 15.15 

6.10 

3.37 

Annur 

0.0 - 14.16 

5.43 

3.81 

Avinashi 

0.0 - 13.36 

5.89 

3.71 

Sarcarsamakulam 

0.0 - 17.18 

6.66 

4.21 

Sulur 

0.0 - 13.2 

5.20 

3.56 

Medium Intensity 

Periyanaickenpalayam 

0.0 - 36.23 

8.24 

8.26 

Karamadai 

0.0 - 19.66 

7.11 

4.58 

Kinathukadavu 

0.02 - 24.23 

6.91 

6.01 

Madukarai 

0.0 - 25.60 

7.17 

6.78 

Sultanpet 

0.0-35.82 

8.01 

7.63 

Udumalpet 

0.0 - 40.04 

7.72 

9.05 

High Intensity 

Perur 

0.0 - 30.88 

7.16 

6.91 

Thondamuthur 

0.0 - 28.42 

5.82 

6.30 

Anamalai 

0.0 - 31.95 

5.26 

6.17 

Pollachi-North 

0.0 - 44.30 

7.05 

9.03 

Pollachi-South 

0.0 - 36.32 

5.68 

5.78 

Gu d imangalam 

0.0-45.76 

9.52 

8.47 

Madathukulam 

0.0 - 28.08 

6.03 

6.86 

Overall 

0.0 - 45.76 

6.74 

6.79 











































Table 6.16: Overall variations in NO a -N (mg L' 1 ) loading of water samples collected from different 
sampling aquifer depths 


Sources (Numbers) 

Depth (Feet) 

Nitrate-N (mg L" 1 ) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Open well (504) 

30 - 200 

77.63 

29.39 

0.00-37.95 

6.53 

6.42 

Bore well (433) 

120 - 800 

352.03 

108.63 

0.00 - 37.40 

6.16 

6.25 

Hand pump (136) 

15 - 50 

28.71 

9.31 

0.00-45.76 

9.34 

8.92 


highest was in bore well and the lowest in hand well. Hence it is inferred that with increase in 
pump. The N0 3 -N content was highest in the hand aquifers depth there was a decrease in N0 3 -N 
pump followed by open well and the lowest in bore content of ground water. 


Table 6.17: Detailed frequency distribution of N0 3 -N loading in groundwater samples of the 
Coimbatore district of Tamil Nadu 


Blocks 

Number (per cent) of samples havin 

2 Nitrate-N 

loading (mg L' 1 ) 

ND 

0-1 

1-3 

3-7 

7-10 

>10 

Total 

Low intensity 








Pongalur 

0 (0.0) 

1 (3.3) 

4(13.3) 

15 ( 50.0) 

7(23.3) 

3 ( 10.0) 

30(100) 

'- 

Annur 

2 (5.9) 

4(11.8) 

3 ( 8.8) 

14 (41.2) 

8 (23.5) 

3 (8.8) 

34(100) 

Avinashi 

2(7.1): 

1 (3.6) 

4 ( 14.3) 

11 (39.3) 

7(25.0) 

3 (10.7) 

28 (100) 

S arcarsamakulam 

2 (5.9) 

0 (0.0) 

6(17.6) 

12(35.3) 

9(26.5) 

5 ( 14.7) 

34(100) 

Sulur 

2(7.1) 

2(7.1) 

5 ( 17.9) 

9(32.1) 

8 (28.6) 

2(7.1) 

28 (100) 

Medium Intensity 








Periyanaickenpalayam 

2(3.8) 

3 (5.7) 

7 ( 13.2) 

20 ( 37.71 

JF 

10 ( 18.9) 

y / - 

11 (20.8) 

53 (100) 

Karamadai 

3 (5.8) 

0 (0.0) 

6 ( 11.5) 

18(34.6) 

14(26.9) 

11 (21.2) 

52 (100) 

Kinathukadavu 

1 (1.9) 

2 (3.8) 

14 ( 26.9) 

16(30.8) 

10(19.2) 

\ -■ 

9 ( 17.3) 

52 (100) 

Madukarai 

4 (8.5) 

1 (2.1) 

9 ( 19.1) 

15(31.9) 

10(21.3) 

8 ( 17.0) 

47(100) 

Sultanpet 

2 (4.9) 

2 (4.9) 

6 ( 14.6) 

12(29.3) 

11 (26.8) 

8 ( 19.5) 

41 (100) 

Udumalpet 

4 (8.5) 

8 (17.0) 

3 ( 6.4) 

13 (27.7) 

■ 

11 (23.4) 

8 (17.0) 

47 (100) 

High Intensity 








Perur 

8 (7.0) 

13 (11.4) 

20 ( 17.5) 

32 (28.1) 

10(8.8) 

31 (27.2) 

114(100) 

Thondamuthur 

10(9.3) 

18 (16.8) 

24 ( 22.4) 

20(18.7) 

12 ( 11.2) 

23 (21.5) 

107(100) 

Anamalai 

12(15.2) 

9(11.4) 

17(21.5) 

20(25.3) 

6(7.6) 

15 ( 19.0) 

79 (100) 

Pollachi-North 

11 (12.81 

13 (15.1) 

12 ( 14.0) 

25(29.1) 

4 ( 4.7) 

21 (24.4) 

86 (100) 

Pollachi-South 

11 (13.1) 

7 (8.3) 

21 (25.01 

14 ( 16.7) 

% 

13 ( 15.5) 

\ y 

18 (21.4) 

84(100) 

Gudimangalam 

7 (9.9) 

2 (2.8) 

5 ( 7.0) 

13 ( 18.3) 

24(33.8) 

v y 

20 ( 28.2) 

71(100) 

Madathukulam 

14(16.3) 

9(10.5) 

18 (20.9) 

17 ( 19.8) 

% / 

7(8.1) 

21 (24.4) 

86 (100) 

Overall 

97 (9.04) 
_ :_ 

95 (8.85) 

184 ( 17.2) 

296 (27.6) 

181 (16.9) 

220 (20.5) 

1073(100) 


























































The frequency distribution of NO a -N 
content of groundwater samples collected from 
different blocks is depicted in Table 6.17. The 
results indicated that out of total 1073 samples 
analyzed 9.04 per cent samples has not recorded 
N0 3 -N and 8.85, 17.2, 27.6 and 16.9 per cent 
samples were with in the range of 0-1,1-3,3-7 and 
7-10 mg L', whereas 20.5 per cent samples recor¬ 
ded N0 3 -N above the critical level of 10 mg L' 1 . 

6.1.6 Hoshangabad district 

Extent of Nitrate Contamination in 

Groundwater 

Frequency distribution of level of nitrate 
contamination in water samples collected from 


different block during pre-monsoon 2006, and pie- 
and post-monsoon of 2007 is given in Table 6.1 &. 
As a whole, 7.7 per cent samples were pol 
with nitrate, whereas 7.0 per cent samples did 
contain any nitrate. Majority of samples was in 
range of 1-7 mg V N0 3 -N (72.0%), while 5.8 
cent samples contained 7-10 mg L 1 nitrate-N 
were most vulnerable. Among the blocks, Se - 
Malwa recorded the highest proportion of p 
samples, while Bankhedi recorded the 1 | 

Extent of nitrate pollution did not di 
significantly across seasons, 8.2 per cent being i- 
pre-monsoon 2006, and 7.7 and 7.2 per cem. 
respectively, inpre- and post-monsoon 2007 (Tabic 
6.19). 


Table 6.18: Block wise frequency distribution of N0 3 -N loading of groundwater samples 


Block 

ND 

0-1 

1-3 

3-7 

7-10 

>10 

Seoni-malwa 

26 (8.8)* 

20 (6.8) 

57(19.5) 

121 (41.2) 

23 (7.8) 

46 (15.6 

Babai 

3(1.1) 

4(1.5) 

96 (35.0) 

145 (54.1) 

5(1.8) 

15 (5.6) 

Hoshangabad 

19(6.2) 

17(5.6) 

93 (30.7) 

130(42.9) 

27 (8.9) 

17(5.6, 

Piparia 

22(8.9) 

22 (8.9) 

92 (37.2) 

72 (29.1) 

13 (5.2) 

26(10.% 

Kesla 

22 10.7) 

35(17.0) 

49 (29.1) 

80 (39.0) 

9 (4.4) 

10(4.8 

Bankhedi 

4(3.0) 

16(22.0) 

64 (47.7) 

44 (32.8) 

5(3.7) 

1 (0.7l 

Sohagpur 

10 14.4) 

— 

25 (36.3) 

26 (37.7) 

6 (8.7) 

2 ( 2.81 

Total 

* Data in Daren thesis an 

106(7.0) 

e the nereentacre fii 

114(7.5) 

rriTrpn; 

476 (31.3) 

618 (40.7) 

88 (5.8) 

117C “ 


Table 6.19: Season wise frequency distribution of NO s -N loading of groundwater samples 


Season 

ND 

0-1 

1-3 

3-7 

7-10 

>10 

Tool 

Pre-monsoon 

2006 

22 (4.6) 

26 (5.5) 

174 (36.8) 

182 (38.2) 

32 (6.7) 

39 (8.2) 

4‘5 

, Pre-monsoon 

2007 

42 (8.04) 

48 (9.2) 

152(29.1) 

212(40.6) 

28 (5.4) 

40(7.7) 

522 

Post-monsoon 

2007 

42 (8.04) 

40 (7.6) 

150(28.7) 

224 (42.9) 

28(5.4) 

38 (7.2) 


Total 

106(7.0) 

114(7.5) 

476 (31.3) 

618(40.7) 

88 (5.7) 

117(7.7) 

15 M 






























































Extent of nitrate pollution in different 
sources of water is presented in Table 6.20. Among 
the sources, hand pumps were more polluted with 
"itrate than open wells and tube wells. While 10 per 
.eni hand pumps were polluted with nitrate, the 
■'inures for open wells and tube wells were 9 and 4 
per cent, respectively. When the data were 
stratified with respect to fertilizer usage, more 


polluted samples were found in high fertilizer 
usage areas as compared to medium and low areas. 
Frequency distribution of level of nitrate 
contamination in water samples from different 
locations is given in Table 6.21. As a whole, the 
sources from habitation areas are much more 
polluted (17.8%) than those from field (5.5%) and 
dairy areas. 


Table 6.20: Frequency distribution of nitrate contamination (mg N L') in different sources of water 


Sources 

ND 

0-1 

1-3 

3-7 

7-10 

>10 

Open well 

69 (8.0) 

66 (7.5) 

225 (25.7; 

380 (43.5) 

55 (6.3) 

79 (9.0) 

Tube well 

25 (5.8) 

35 (8.1) 

172 (40.1) 

159 (37.0) 

21 (5.0) 

17 (4.0) 

Hand pump 

11 (5.2) 

13 (6.2) 

75 (35.5) 

79 (37.4) 

12 (5.7) 

21 (10.0) 

Total 

105 (7.0) 

114(7.5) 

472 (31.2) 

618(40.8) 

88 (5.8) 

117 (7.7) 


1 Data in parenthesis are the percentage figures 


Table 6.21: Frequency distribution of nitrate contamination (mg N L') in different locations of water 


Location 

ND 

0-1 

1-3 

3-7 

7-10 

>10 

Field 

86 (7.1) 

102 (8.4) 

375 (31.0) 

514(42.5) 

65 (5.4) 

67 (5.5) 

Habitation 

19(6.8) 

8 (2.8) 

92 (32.8) 

91 (32.5) 

20(7.1) 1 

50(17.8) 

Dairy 


4(16.0) 

5 (20.0) 

13 (52.0) 

3 (12.0) 

* 

J -.— 

Total 

105 (7.0) 

114(7.5) 

472 (31.2) 

618(40.8) 

88 (5.8) 

117(7.7) 


’ Data in parenthesis are the percentage figures 


Source x location matrix on frequency 
distribution of extent of nitrate contamination 
(Table 6.22) suggests that all sources of water in 
proximity to habitation areas were significantly 
more polluted than those in proximity to field and 
dairy areas. As high as 29.5 per cent open wells in 
proximity to the habitation areas were polluted 
with nitrate, whereas only 6.9 per cent open wells 
near field areas were polluted. Similarly, tube wells 


in proximity to habitation areas were more polluted 
than those in dairy and crop fields. While 16.3 per 
cent lube wells in habitation areas were polluted, 
only 2.1 per cent tube wells from field areas were 
polluted. The extent of nitrate pollution in hand 
pumps, which were mostly confined in habitation 
areas, was quite high to the extant of 14 per cent of 
hand pumps investigated. 


Table 6.22: Source x location matrix of the extent of nitrate pollution in groundwater 


Location/Source 

Field 

Habitation 

Dairy 

Total 

Open well 

57 (6.9) 

22 (29.5) 

0 

79 (9.0) 

Tube well 

10(2.1) 

7(16.3) 

0 

17(4.0) 

Hand pump 

0 

21 (14.0) 

0 

20(10.0) 

Total 

67 (5.5) 

50(17.8) 

0 

117(7.7) 


* Data in parenthesis are the percentage figures 
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Level of nitrate contamination in Groundwater 

The mean NO--N content of groundwater 
samples of different blocks collected during pre¬ 
monsoon 2006, pre- and post-monsoon 2007 
varied from 2.99 to 6.32 mg N L 1 , Bankheri 


recording the lowest and Seoni Malwa the highest, 
with the overall mean value of 4.55 mg N L' 1 (Table 
6.23). Significant variation in N0 3 -N content of 
groundwater samples as per fertilizer usage in 
different blocks was observed while comparing the 
mean values of the N0 3 -N content of groundwater 


Table 6.23: Variation in N0 3 -N load of groundwater samples collected from different blocks 


- - - 

Intensity of 

fertilizer 

usage 

Block 

Number of 

sample 

Range 

Mean (mg 
NL’ 1 ) 

SD 

Mean (mg N 
L' 1 ) as per 
fertilizer iisao? 

High 

Seoni-malwa 

293 

0-61.45 

6.32 

8.50 

-- — - “ & 


Babai 

268 

0-88.92 

4.98 

8.22 

5.28 


Hoshaneabad 

303 

0-86.55 

4.54 

6.81 


Medium 

Piparia 

247 

0-37.40 

3.98 

4.51 



Kesla 

205 

0-43.98 

3.57 

4.86 

3.79 

Low 

Bankhedi 

134 

0-13.77 

2.99 

2.21 



Sohagpur 

69 

0-10.63 

3.51 

2.69 

3.17 

Total 

1519 

0-88.92 

4.55 

- 

- 


samples. High fertilized areas had a higher nitrate 
level in ground waters (5.28 mg N L' 1 ) as compared 
to medium (3.79 mg N L') and low fertilized areas 
(3.17 mg N L'). Although the mean nitrate values 
of all the blocks were well below the critical limits 
of WHO standards for drinking water, there were 
quite a significant number of wells which recorded 
nitrate pollution signifying high variability in 
nitrate values in ground waters. Very high SD 
values are indicative of this. 

NOj-N loading in different sources of 
water collected during three seasons of 2006 and 
2007 from different blocks is presented in Table 
6.24. Overall, the highest mean nitrate 
concentration was recorded in hand pumps (4.4 mg 
N L') followed by open wells (4.3mg N L' 1 ) and 
tube wells (3.8mg N L 1 ). The highest level of 
nitrate in open wells, tube wells and hand pumps 
were 88.9, 43.9 and 25.1 mg N L l , respectively. It 


is also evident that the highest fertilizer usage area* 
recorded significantly higher N0 3 -N as compared 
to low and medium fertilizer usage areas. OveraJL. 
highest level of nitrate contamination was found 
ground waters near habitation areas (5.5 mg N L 
(Table 6.25). As a whole the mean NO 
concentration in ground waters collected from. - - 
field and dairy areas was 3.8 mg L' 1 (Table 6.2: 
Source x location matrix table (Table 6.26)c ., 1 
suggested that habitation samples « - 
significantly more contaminated with nitrate 
field samples and samples from the vicinin 
dairy/poultry. The mean nitrate levels in all somJ 
of water near habitation were higher, 11.1, 62 _ e 
4.7 mg N L" 1 being recorded in open wells. . r 
wells and hand pumps, respectively, as againsi - - 
and 3.1 mg N L' 1 in field areas and 4.5, 4.3 ai*: - 
mg N L' 1 in dairy/poultry (Table 6.26). 










































6.2 Temporal variation in nitrate contami¬ 
nation in the representative aquifers 

6.2.1 West Godavari 

Variations in pH ofgroundwater 
There was significant variation in pH of 
groundwater samples collected from different 
mandals in three different seasons (Fig. 6.2). On 


average, the pH of groundwater of Penumantraa. 
Poduru and Undi mandals was higher than that of 
others compared. Results indicated that the 
groundwater of different mandals of Wes; 
Godavari is almost neutral to slightly alkaline ii 
reaction.In general, pH values of groundwater 
samples collected during post-monsoon season cc 
2006 was comparatively less than pre-monsoon 
seasons of both the year (2006 and 2007). 



Senes4 ■ Series5 a Senes: 


Mandat 


Fig. 6.2: Season-wise and block-wise variation in pH values of groundwater (Series4 = pre-monsoon« 
2006, Series5 = post-monsoon seasons 2006 and Series6= pre-monsoon season 2007) 


Variations in EC values of groundwater 

There was significant variation in EC 
values of groundwater samples collected from 
different mandals in three different seasons (Fig. 
6.3). On average, the EC values of groundwater of 
Undi, Kalla and Pentapadu blocks were higher 
than that other mandals compared.However, 
results indicated that the EC values of groundwater 
of different mandals of West Godavari was within 
the normal range of electrical conductivity (< 
2.dSm‘ l ), and would cause no adverse effect on 
plant growth and also if use for drinking purposes, 
so far salinity in concerned. Although the variation 
was minor, it was observed that there was always a 
higher value of EC of groundwater samples 


collected during pre-monsoon seasons of 203 
2007 than that of samples collected during 
monsoon season of2006. 

Variations in NO } -N load of groundwater 
There was significant variation in 
load of groundwater samples collected 
different mandals in three different seasons 
6.4 and 6.5). On average, the N0 3 -N 
groundwater of Ganapavaram, Bhima\. n 
Poduru was higher than that of others 
compared during both the seasons (Fig 
Although the N0 3 -N load in groundwater 
collected from different mandals of the 
district varied significantly, in 80 per csn 
























arnples was well below the 10 mg L' 1 , the 
ireshold limit fixed by WHO for drinking 
mrpose. There was always a significant variation 
n the NOj-N load of groundwater samples 
■=Cected from different sources in different 


seasons. In general, with increasing depth of 
sampling aquifers, the N0 3 -N loads of 
groundwater samples decreased. This was true for 
both the years (2006 and 2007) and seasons (pre 
and post-monsoon) of sampling. 


■ Series4 ■ SeriesS ■ SeriesS 



Mandals 


Fig. 6.3: Season-wise and block-wise variation in EC(dSm') values of 
groundwater (Series4= pre-monsoon season 2006, Series5= post¬ 
monsoon seasons 2006 and Series6= pre-monsoon season 2007) 


Nitrate in blockwise and seasonwise 


■ 1st B2nd season (3rd 



Mandal 


Fig. 6.4: Season-wise and block-wise variation in NO s -N (mg I' 1 ) loading in 
groundwater (1st season = pre-monsoon season 2006,2nd season = post¬ 
monsoon seasons 2006 and 3rd season= pre-monsoon season 2007) 
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Fig. 6.5 Temporal variations of NO a -N (mg l 1 ) loading in groundwater samples 


6.2.2 Ferozepur 

Variations in pH of groundwater 

There was no significant variation in pH of 
groundwater samples collected from different 
blocks of Ferozepur in three different seasons 


(Fig. 6.6). On an average, the pH of groundwater af 
Guruhar Sahai block was higher than those a 
others. Results indicated that the ground waters af 
different blocks of Ferozepur were almost neur*r 
to slightly alkaline in reaction. 


12 



Blocks 


Fig. 6.6: Season-wise and block-wise variation in pH of groundwater 



























































































Variations in EC values of groundwater 

There was significant variation in EC 
values of groundwater samples collected from 
different blocks in three different seasons (Fig. 

6.7). On an average, the EC values of groundwaters 
of Jalalabad, Abohar, Khulan Sarwar and Fazilka 
Mocks were higher than those of other blocks. The 
EC values of groundwater of different blocks of 


Ferozepur were far beyond the normal range of 
electrical conductivity, and would cause adverse 
effect on plant growth and also if used for drinking 
purposes. Although the variation was minor, it was 
observed that there was a tendency of increasing 
salinity in water with time, because in most cases 
the EC values increased in pre-monsoon 2007 
samples as compared to the preceding seasons (Fig. 

6.7). 


■ Pre-monsoon 2006 ■ Post-monsoon 2006 □ Pre-monsoon 2007 



Blocks 


Fig. 6.7: Season-wise and block-wise variation in EC(dS m' 1 ) of groundwater 


i -'nations in NO r N load of groundwater 

There was significant variation in N0 3 -N 
load of groundwater samples collected from 
different blocks in three different seasons (Fig. 

6.8). On an average, the N0 3 -N load of 
groundwater of Abohar, Khulan Sarwar, Fazilka 
and Ferozepur was higher than those of other 
blocks in all seasons, and the nitrate levels had an 
intimate link with the salinity of water. Although 
Ae N0 3 -N load in groundwater samples collected 
from different blocks of the target district varied 
significantly, in 8per cent of the samples was well 
below the 10 mg Lthe threshold limit fixed by 
WHO for drinking purpose. There was always a 
significant variation in the N0 3 -N load of 


groundwater samples collected from different 
sources in different seasons. In this case also there 
was an ascending tendency of nitrate 
contamination in water with time (Fig. 6.8). In 
general, with increasing depth of sampling 
aquifers, the N0 3 -N loads of groundwater samples 
decreased. 

Variations of N0 3 -N concentration in 
irrigation waters during repeat sampling have been 
worked out in Table 6.27. Variations up to the 
extent of-46.66 to +14.15 during repeat sampling 
have been observed. Minimum variations have 
been observed in Guru har sahai, Jalalabad and 
Khuian sarwar blocks. 


(43) 








































iye' sign means increase over 1st sampling 
•'+ ive' sign means decrease over 1 st sampling 

6.2.3 Hooghly 

Variations in pH of groundwater 

There was significant variation in pH of 
groundwater samples collected from different 
blocks in three different seasons (Fig.6.9). On 
average, the pH of groundwater of Bolaitar, 
Pandua and Chanditala-I blocks was higher than 




that of rest others compared. Results indicate; l 
the groundwater of different blocks of Hooghi 
almost neutral in reaction. In general. pH vai_ 
groundwater samples collected during - 
monsoon season of2006 was comparatively had 
than pre-monsoon seasons of both the year (3 
and 2007). 





























































































































Fig. 6.9: Season-wise and block-wise variation in pH values of groundwater (Pr M 06 - pre-monsoon season 
2006, Post-M 2006 = post-monsoon season 2006 and Pre-M 2007 = pre-monsoon season 2007) 


nations in EC values of groundwater 

There was significant variation in EC 
.iliies of groundwater samples collected from 
afferent blocks in three different seasons (Fig. 

■ . 0). On average, the EC values of groundwater of 
:.-f:agar, Jangipara and Mogra blocks were higher 
-■.in these of blocks compared. However, results 
jdicated that the EC values of groundwater of 
; fferent blocks of Hooghly was within the normal 


range of electrical conductivity (< l.dSm'), and 
would cause no adverse effect on plant growth and 
also if use for drinking purposes, so far salinity is 
concerned. Although the variation was minor, it 
was observed that there was always a higher value 
of EC of groundwater samples collected during 
pre-monsoon seasons of2006 and 2007 than that of 
samples collected during post-monsoon season of 
2006. 



Fig. 6.10: Season-wise and block-wise variation in EC values of groundwater (PrM 06 - pre-monsoon season 
2006, Post-M 2006 = post-monsoon season 2006 and Pre-M 2007 = pre-monsoon season 2007) 
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Variations inNO } -Nload of groundwater 

There was significant variation in N0 3 -N 
load of groundwater samples collected from 
different blocks in three different seasons 
(Figs.6.11 and 6.12). On average, the N0 3 -N load 
of groundwater of Arambag, Dhaniakhali, Polba 
and Haripal was higher than those of other blocks 
compared during both the seasons (Fig. 6.11). 
Although the N0 3 -N load in groundwater samples 
collected from different blocks of the studied 


district varied significantly, its load was well belo * 
the 10 mg L' 1 , the threshold limit fixed by WHO for 
drinking purpose. There was always a significar 
variation in the N0 3 -N load of groundwater 
samples collected from different sources is 
different seasons (Table 6.28). In general, wit: 
increasing depth of sampling aquifers, the NO--N 
loads of groundwater samples decreased. This wasi 
true for both the years (2006 and 2007) and seasons 
(pre and post-monsoon) of sampling. 



Fig, 6.11: 


Season-wise and block-wise variation in N0 3 -N loading in groundwater (Pr M 06 = pre-monsoo* 
season 2006, Post-M 2006 = post-monsoon season 2006 and Pre-M 2007 = pre-monsoon seasoi 






































































































Fig. 6.12: Temporal variations of N0 3 -N loading in groundwater samples 


Table 6.28: Overall variations in N0 3 -N (mg L' 1 ) loading of water samples collected from different 
sampling aquifer depths in different seasons 


Source (nos) 

NO r N l 

Pre-M) (m 

? L‘ l ) 

N0 3 -N (Post-M) (mg L' 1 ) 

N0 3 -N 1 

Pre-M) (m 

jLliL 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Well (8) 

0.88-2.01 

1.29 

0.43 

0.92-2.16 

1.64 

0.55 

0.54-2.12 

1.35 

0.52 

rw (470) 

0.04-4.05 

0.95 

0.63 

0.08-5.47 

1.12 

0.77 

0.10-6.42 

1.05 

0.82 

SFW(258) 

0.02-4.12 

0.40 

0,35 

0.06-4.25 

0.47 

0.37 

0.11-3.79 

0.48 

0.32 

NIDTW (57) 

0.06-0.65 

0,31 

0.14 

0.12-0.88 

0,38 

0.17 

0.11-0.69 

0.41 

0.12 

DTWT75) 

0.01-0.53 

0.19 

0.10 

0.04-0.77 

0.25 

0.14 

0.09-0.62 

0.28 

0.10 


5~2.4 Jalgaon 

Variations in pH of groundwater 

There was significant variation in pH of 
groundwater samples collected from different 
blocks in three different seasons (Fig. 6.13). On 
. erage. the pH of groundwater of Dharangaon, 
3 "usawal. Amalner and Janmer blocks was higher 
r in that of rest others compared. Results indicated 
dhat the groundwater of different blocks of Jalgaon 
district is almost neutral to slightly alkaline in 
reaction. In general, pH values of groundwater 


samples collected during pre-monsoon season of 
2006 was comparatively lower than pre and post 
monsoon seasons of the year 2007. 

Variations in EC of groundwater 

There was significant variation in EC 
values of groundwater samples collected from 
different blocks in three different seasons (Fig. 
6.14). On average,the EC values of groundwater of 
Dharangaon, Bhusawal, Amalner and Jamner 
blocks were higher than that other blocks 
compared. In general, results indicated that the EC 
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FFig. 6.13: Season-wise and block-wise variation in pH values of groundwater (Pr M 06 = pre-urn r 
season 2006, Pre-M 2007 = pre-monsoon season 2007 and Post-M 2006 = post-monsoon i 
2007) 
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Fig. 6.14: Season-wise and block-wise variation in EC values of groundwater (Pr M 06 = pre-monsoon j 
2006, Pre-M 2007=pre-monsoon season 2007 and Post-M 2006=post-monsoon season 2007) 


values of groundwater of most of blocks of Jalgaon 
district was within the normal range of electrical 
conductivity (< 1.0 dSm-1), but in some blocks it 
was slightly higher than 1.0 dSm' 1 Although the 


variation was minor, it was observed that si 
higher value of EC of groundwater s 
collected during pre and post-monsoon seas: 
2007 as compared to pre-monsoon 2006. 












































1415 Coimbatore 

pH of groundwater 

In all the three season, there was 
■a - i ricant variation in pH of groundwater samples 
: eeted from different blocks (Fig. 6.15). Results 


showed that groundwater of different blocks of 
Coimbatore is neutral to slightly alkaline in 
reaction. Irrespective of the seasons and blocks, 
there was an increasing trend from post-monsoon 
2006 to post-monsoon 2007 and slightly higher pH 
values were observed during post monsoon-2007. 


0 Post monsoon -06 □ Pre monsoon-07 0 Post monsoon -07 
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Fig. 6.15: Season-wise and block-wise variation in pH values of groundwater 


EC of groundwater 

The mean EC values of different blocks of 
imbaiore district varied from 0.93 to 3.5 dS m' 1 . 
—ispective of the seasons, there was a significant 
,'iation in EC values of groundwater samples 
llected from different blocks (Fig. 6.16). 

- though the variation was minor, it was observed 
.- 2 t there was always a higher value of EC of 
-oundwater samples collected during post- 
aonsoon seasons of 2006 and 2007 than that of 
unples collected during pre-monsoon season of 
2007. 

Shrate-N content of groundwater 

The season-wise and block-wise variation 


in N0 3 -N content of groundwater samples is shown 
in Fig. 6.17. The mean N0 3 -N values of different 
blocks varied from 4.45 to 12.21 mg L‘‘ 
Irrespective of the seasons and blocks, there was a 
significant variation in the N0 3 -N content of 
groundwater samples was observed. In general, the 
higher N0 3 -N content was recorded during the post 
monsoon season of2006 and 2007. 

Temporal variation in NO a -N content of 
the representative aquifers of the selected sites 
were shown in Fig. 6.18. The temporal variation in 
N0 3 -N content of ground water samples was 
observed, being higher in post monsoon-2007 than 
in pre monsoon -2007. 
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Fig. 6.16: Season-wise and block-wise variation in EC values of groundwater 
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Fig. 6.17: Season-Wise and block-wise variation in NO.-N loading in groundwater 
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Fig. 6.18: Temporal variations ofNOj-N loading iu groundwater samples 


?.2.6 Hoshangabad 

Variation in pH of groundwater 

Barring a few exceptions there was no 
significant variation in pH of groundwater samples 


collected from different blocks in three different 
seasons (Fig. 6.19), Results showed that the 
groundwater of different blocks of Hoshangabad is 
neutral to slightly alkaline in reaction, and the 
reaction did not change significantly with time. 



Fig.6.19: Temporal variation in pH of water 































































































Variation in EC of groundwater 


Unlike pH, electrical conductivity (EC) of 


significant variations in all blocks except Baba: 
and Piparia although no particular trend was 


ground waters collected at different seasons had °t> serve d (Fig. 6.20). 
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Fig.6.20: Temporal variation in EC of water 
Variation in nitrate-N content of groundwater 

concentration in groundwater samples with time. 

The season-wise and block-wise variation wherea ? in b '° Cks ° f medium to low fertilizer 
in NOj-N content of groundwater samples is shown USage «“ mtrate concentration in ground 

in Figure 6.21. In blocks of high fertilizer usage ^ re ” ained UnChangwl or decreased 

f . e significantly with time, 

there was an increasing trend m mean nitrate 
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Fig.6,21: Temporal variation in nitrate content of groundwater 













































































































The spots from which 522 water samples 
were drawn in pre-monsoon of 2007 were re¬ 
visited in post-monsoon of 2007 with the help of 
GPS to study the temporal variation in level of 
nitrate contamination of ground waters. Nitrate 
concentrations of all the samples collected during 
post-monsoon of 2007 have been presented with 
reference to those recorded during pre-monsoon of 
2007 in Figures 6.22 (up to 5 mgNL' 1 ), 6.23 (5-10 
mg N L' 1 ) and 6.24 (> 10 mg N L'). A close scrutiny 
of these figures indicated that in most of the 


sampling sites, there were increases in nitrate 
contamination, although quite a large number of 
sites recorded a decrease too in nitrate 
contamination. Greater percentage of water 
sources recording increase in nitrate content 
belonged to the category of polluted samples (>10 
mg N L' 1 ) (Fig.6.24).These data along with the 
overall mean nitrate concentrations of pre- and 
post-monsoon samples (Table 6.29) suggested a 
significant increase in nitrate contamination level in 
post-monsoon samples over thepre-monsoon samples. 


Table 6.29: Level of nitrate contamination (mg NO,-N L' 1 ) in water from different blocks. 


Season 

Pre-monsoon 2006 

Pre-monsoon 2007 

Post-monsoon 2007 

Block 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Seoni-malwa 

0-15.9 

4.3 

3.80 

0-48.4 

6.7 

8.80 

0-61.4 

7.40 

10.80 

Babai 

0 - 11.0 

3.9 

2.02 

0-60.4 

5.3 

7.45 

0-88.9 

5.8 

11.10 

Hoshangabad 

0-13.9 

4.0 

3.20 

0-61.8 

4.6 

6.81 

0-86.5 

5.0 

9.21 

Piparia 

0-17.1 

8.1 

3.96 

0-37.4 

3.4 

5.45 

0-20.6 

3.2 

3.76 

Kesla 

0-13.9 

3.4 

3.20 

0-43.9 

3.6 

5.29 

0-43.9 

3.5 

5.20 

Bankhedi 

0-9.8 

3.5 

2.29 

0.2-8.5 

2.7 

1.79 

0-13.7 

3.0 

2.44 

Sohagpur 

1.0-8.4 

3.3 

2.46 

0-10.4 

3.5 

2.85 

0-10.4 

3.2 

2.64 

Total 

0-17.1 

4.4 

3.30 

0-61.8 

4.6 

6.70 

0-88.9 

4.9 

8.42 


Temporal variation in nitrate 

» . Pre-monsoon-07 —m — Post-monsoon-07 



Fig. 6.22: Nitrate contents in groundwater samples (up to 5 mg N L' 1 ) collected during pre- and post¬ 
monsoon of 2007 
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Fig.6.24: Nitrate contents in groundwater samples (>10 mg N L ’) collected during pre- and post-monsoon rf 
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Fig.6.23: Nitrate contents in groundwater samples (5-10 mg N L 1 ) coUected during pre- and post- 


monsoon* * 
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NO.-N content, clay, sand and silt content of the 48 
soil profiles were studied. It was observed that with 
the increase in depth, pH and clay content of the 
soils increased and those of EC, organic C, total N, 
N0 3 -N, sand and silt contents decreased (Tables 
6.30 and 6.31). Samples of Undrajavaram mandal 
recorded the highest NO, -N content through out 
the profile (Table 6.32). 


Table 6.30: Depth-wise variations in pH, EC, OC and available N content of soils 


Soil depth 

1 cm) 

p 

H 

EC (dSm 1 ) 

OC (%) 

AvailableN (kg ha" 1 ) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

-20 

5.94-8.67 

7.21 

0.78 

0.12-3.14 

0.67 

0.57 

0.31-1.92 

0.96 

0.38 

284-488 

362 

46.92 

: 40 

fi.30-8.70 

7.59 

0,58 

0.15-2.45 

0.74 

0.50 

0.23-1.37 

0.79 

0.25 

235-420 

316 

49.98 

- -60 

6.4-9.2 

7.74 

0.85 

0.11-2.26 

0.58 

0.46 

0,18-1.23 

0.68 

0.22 

205-395 

298 

47.56 


Table 6.31: Depth-wise variations in N0 3 -N, sand, silt and clay content of soils 


Depth 

N0 3 -N 

(mg k{ 

C) 

Sand % 

Silt % 

Clay % 

i' cm) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

-20 

3.11-99.58 

17.43 

19.24 

14.4-63.14 

35,31 

12.28 

9.36-31.25 

22.61 

7.77 

s 

25.6-62.87 

42.62 

7.30 

2!-40 

0.42-62.63 

12.06 

11.01 

12.4-52.36 

32.36 

11.25 

8.56-28.36 

21.36 

6.58 

28.6-65.32 

44.36 ; 

7.86 

-450 

025-52.36 

10.35 

9.35 

11.0-49.32 

29.32 

10.32 

7.96-26.35 

19.25 

5.68 

28.36-68.96 

46.25 

8.25 


Table 6.32: Depth-wise NO s -N (mg kg 1 ) variations in soil profiles 


S No 

Mandal 

Fertility 


Depth in cm 


status 

0-15 

15-30 

30-60 

60-90 

90-120 

120-150 

1 

Kalla 

Low 

2.85 

3.56 

4.25 

6.52 

4.26 

3.65 

2 

Penugonda 

Medium 

4.56 

7.58 

8.65 

8.85 

6.54 

6.12 


Undi 

Medium 

4.28 

5.26 

8.36 

9.25 

8.59 

8.69 

4 

Bhimavaram 

High 

8.25 

6.85 

9.25 

11.21 

10.2 

9.35 

5 

LJndi 

High 

18.25 

14.35 

19.25 

17.35 

15.36 

13.85 

6 

Ungaturu 

High 

10.85 

9.25 

13.25 

14.32 

13.52 

12.25 

1 

Ungaturu 

High 

13.25 

12.14 

11.32 

15.23 

12.36 

11.32 

3 

Tadepalligudem 

High 

21.85 

18.36 

19.32 

21.35 

24.32 

18.96 

9 

Undrajavaram 

High 

89.69 

58.24 

74.59 

81.25 

58.21 

41.36 

10 

Poduru 

High 

6.85 

1.35 

4.52 

5.23 

2.85 

3.12 


l 55 } 


6.3 Distribution of NO a -N in the soil profiles 

of the selected sites 

6.3.1 West Godavari 

Soil sampling and analysis 

Horizon-wise (0-20, 20-40 and 40-60cm) 
variations in pH, electrical conductivity (EC), 
organic carbon (OC), available nitrogen (AN), 









































































































































6.3.2 Ferozepur 

Soil sampling and analysis 

pH and EC (Soil: Water:: 1:2) range, mean 
values and standard deviations of different depths 


of soils up to 60 cm are shown in Table 6.33. In thi- 
district soil pH varied from 6.7 to 9.7,7.0 to 9.8 and 
6.8 to 9.9 with mean values of8.85,8.88 and 8.95 ir 
0-20, 20-40 and 40-60 cm depths of soils, 
respectively. Electrical conductivity of soils varied 


Table 6.33: Range and mean values of pH and EC of soil samples 


Block 

Depth 

pH 

EC (dSm 1 ) 

(cm) 

Range 

Mean 

S.D. 

Range 

Mean 

S.D. 


0-20 

8.4-8.7 

8.56 

0.10 

0.24-0.90 

0.60 

0.24 

Mamdot 

20-40 

8.7-9.0 

8.81 

0,1! 

0.25-0.68 

0.41 

0.15 


40-60 

7.5-9.0 

8.56 

0.54 

0.21-0.75 

0.46 

0.20 


0-20 

8.8-9.7 

9.42 

0.34 

0.32-0.58 

0.46 

0.09 

Guru har sahai 

20-40 

9.3-9.8 

9.52 

0.19 

0.25-0.55 

0.41 

0.11 


40-60 

9.0-9.9 

9.50 

0.34 

0.25-0.50 

0.38 

0.09 


0-20 

8.9-9.6 

9.12 

0.26 

0.36-0.95 

0.58 

0.20 

Jalalabad 

20-40 

9.0-9.5 

9.24 

0,17 

0.38-0.70 

0.49 

0.10 


40-60 

9.1-9.5 

9.22 

0.15 

0.38-0.66 

0.50 

0.10 


0-20 

8.8-9.1 

9.00 

0.11 

0.20-0.68 

0.36 

0.17 

Abohar 

20-40 

8.8-9.6 

9.12 

0.32 

0.21-0.60 

0.41 

0.12 


40-60 

8.7-9.4 

9.04 

0.27 

0.27-1.57 

0.62 

0.48 


0-20 

8.5-9.3 

8.78 

0.30 

0.25-3.31 

1.42 

1.36 

Khuian sarwar 

20-40 

7.0-9.5 

8.48 

0.83 

0.20-3.28 

1.33 

1.32 


40-60 

8.5-9.4 

8.82 

0.33 

0.17-3.50 

1.41 

3.43 


0-20 

9.0-9.7 

9.30 

0.24 

0.27-1.35 

0.64 

0.38 

Fazilka 

20-40 

8.9-9.7 

9.24 

0.27 

0.32-1.33 

0.61 

0.37 


40-60 

8.8-9.7 

9.22 

0.29 

0.29-1.20 

0.61 

0.32 


0-20 

8.2-9.5 

8.78 

0.49 

0.36-0.92 

0.61 

0.20 

Ghall khurd 

20-40 

8.7-9.6 

9.06 

0.32 

0.24-0.74 

0.40 

0.18 


40-60 

8.7-9.6 

9.12 

0.29 

0.27-0.48 

0.39 

0.07 


0-20 

6.7-9.1 

8.18 

0.85 

0.23-2.45 

0.71 

0.87 

Ferozepur 

20-40 

7.0-8.6 

8.00 

0.66 

0.18-2.68 

0.88 

0.93 


40-60 

6.8-9.4 

8.32 

0.86 

0.18-2.32 

1.09 

1.00 


0-20 

8.3 -9.6 

8.64 

0.48 

0.31-0.89 

0.51 

0.18 

Makhu 

20-40 

7.9 -8.8 

8.56 

0.65 

0.16-0.47 

0.28 

0.16 


40-60 

7.7 -9.1 

8.68 

0.53 

0.07-0.44 

0.26 

0.13 


0-20 

8.4-9.4 

8.98 

0.35 

0.19-0.55 

0.34 

0,14 

Zira 

20-40 

8.6-9.4 

8.94 

0.29 

0.22-0.43 

0.28 

0.02 


40-60 

8.7-9.3 

8.98 

0.21 

0.19-0.47 

0.28 

0.10 


0-20 

6.7 -9.7 

8.85 

0.54 

0.19-3.31 

0.66 

0.63 

Overall 

20-40 

7.0 -9.8 

8.88 

0.60 

0.16-3.28 

0.59 

0.62 


40-60 

6.8 - 9.9 

8.95 

0.56 

0.07-3.50 

0.65 

0.70 






































from 0.19 to 3.31,0.16 to 3.28 and 0.07 to 3.50 dS 
m' 1 with mean values of0.66,0.59 and 0.65 in 0-20, 
20-40 and 40-60 cm depth layers of soils, 
respectively. Saline soils have been found in 
Khuian Sarwar, Fazilka and Ferozepur blocks of 
this district. Highest range of EC was found in soils 


of Khuian Sarwar block, i.e., 0.25 to 3.31 dS m' ! , 
mean value of 1.42 dS m’ 1 in 0-20 cm, 0.20 to 3.27 
dS mmean value of 1.33 dS m lin 20-40 cm and 
0.17to3.50dS m' 1 ,mean valueof 1.41 dSm 1 in 40- 
60 cm depth layers. 


Table 6.34: Range and mean values of organic carbon content of soil samples 


Name of 

Block 

Depth(cm) 

Organic Carbon (%) 

Range 

Mean 

S.D. 

Mamdot 

0-20 

0.32 -1.27 

0.902 

0.340 

20 - 40 

0.11 -1.04 

0.648 

0.355 

40 - 60 

0.21 -1.08 

0.592 

0.384 

Guru har sahai 

0-20 

0.20 - 0.50 

0.37 

0.116 

20-40 

0.09 - 0.41 

0.25 

0.133 

40 - 60 

0.14-0.83 

0.356 

0.257 

Jalalabad 

0-20 

0.07-0.18 

0.144 

0.039 

20-40 

0.11 -0.45 

0.21 

0.123 

40 - 60 

0.26 - 0.48 

0.388 

0.186 

Abohar 

0 - 20 

0.09 - 0.66 

0.28 

0.205 

20-40 

0.11 -0.38 

0.224 

0.089 

40 - 60 

0.09 - 0.51 

0.256 

0.174 

Khuian Sarwar 

0 - 20 

0.29 -0.63 

0.43 

0.134 

20-40 

0.12 -0.63 

0.326 

0.232 

40 - 60 

0.12 -0.68 

0.348 

0.237 

Fazilka 

0-20 

0.27 - 0.47 

0.372 

0.071 

20 - 40 

0.17-0.38 

0.242 

0.077 

40 - 60 

0.12-0.47 

0.208 

0.132 

Ghall khurd 

0 - 20 

0.35 - 0.99 

0.678 

0.243 

20-40 

0.15 -0.42 

0.236 

0.097 

40 - 60 

0.11 -0.29 

0.21 

0.078 

Ferozepur 

t 

0-20 

0.08 - 0.72 

0.398 

0.271 

20-40 

0.09 -0.81 

0.526 

0.284 

40 - 60 

0.08-0.71 

0.432 

0.226 

i 

Makhu 

0-20 

0.29- 1.17 

0.820 

0.152 

20-40 

0.14-0.59 

0.460 

0.082 

40-60 

0.06 -1.02 

0.336 

0.075 

Zira 

0 - 20 

0.20- 0.60 

0.358 

0.145 

20-40 

0.14-0.20 

0.166 

0.023 

40 - 60 

0.11 -0.24 

0.156 

0.047 

Overall 

0-20 

0.07 -1.27 

0.498 

0.318 

20 - 40 

0.09 -1.08 

0.340 

0.260 

40 - 60 

0.06 -1.08 

0.315 

0.251 

































































Organic carbon content of depth-wise soil 
samples of different blocks of Ferozepur district is 
shown in Table 6.34. Organic carbon content 
varied from 0.07 to 1.27, 0.09 to 1.08 and 0.06 to 
1.08 per cent in 0-20,20-40 and 40-60 cm depths of 
soils with a mean value of 0.50, 0.34 and 0.32 per 

Table 6.35: Range and mean values of available 


cent, respectively in all the blocks of Ferozer. 
district. 

Soil samples were also analysed 
available P and K (Table 6.35) up to a depth of t 
cm. Available P varied from 1.8 to 54.6, 1.8 to 46.0 


P and K contents of soil samples 


Name of 

Block 

Depth(cm) 

Available P ( mg 1 

kg 1 ) 

Available K (mg kg 1 ) 

Range 

Mean 

S.D, 

Range 

Mean 

S.D. 

Mamdot 

0-20 

5.4 - 34.9 

20.68 

9.896 

97.5 - 490 

165.1 

162.3 

20-40 

2.7-25.1 

13.00 

8.376 

95 - 480 

232.1 

159.9 

40 - 60 

4.5 - 14.2 

9.12 

4.362 

60-415 

207.14 

137.6 

Guru har sahai 

0-20 

1.8 -48,9 

13.98 

17.678 

37.5 -450 

255.0 

1 7 1 .3 

20-40 

2.7-32.3 

11.40 

10.755 

62.5-315 

171.7 

109.3 

40-60 

2.7-27.4 

12.06 

9.376 

62.5 - 325 

184.6 

133 

Jalalabad 

0-20 

6.4-16.3 

10.46 

3.559 

120 - 320 

219.2 

80.4 

20-40 

3.6 - 14.2 

7.00 

3.711 

117.5 -305 

198.2 

70.2 

40-60 

3.6-18.2 

5.42 

1.542 

135-290 

191.4 

62.8 

Abohar 

0-20 

6.4-18.4 

11.48 

4.09 

125-506.3 

317.8 

157.9 

20 - 40 

2.7-18.4 

10.04 

6.405 

127.5 -450 

274.6 

140.$ 

40 - 60 

1.8 -6.3 

7.10 

5.449 

70 - 475 

237.5 

167.: 

Kliuian sarwar 

0-20 

2.7 - 6.3 

8.82 

5.66 

80 -383.5 

236,5 

110.1 

20-40 

1.8 -9.2 

4.92 

3.12 

117.5 -331.2 

225.8 

95.8 

40-60 

1.8 - 16.3 

7.54 

6.339 

107.5-406.3 

253.9 

135.4 

Fazilka 

0-20 

3.6-22.8 

9.86 

6.83 

45 - 192.5 

126.8 

56.3 

20-40 

2.7- 15.2 

8.18 

4.533 

40 -202.5 

129.2 

60.2 

40-60 

1.8-18.4 

8.66 

6.032 

70-165 

112.7 

46 

Ghall khurd 

0-20 

2.7- 11.2 

7.74 

2.96 

55 - 117.5 

85.7 

22.3 

20-40 

1.8-7.3 

5.46 

2.096 

52 - 162.5 

95.9 

51.4 

40-60 

1.8-8.2 

3.98 

2.285 

45-165 

103.8 

45.3 

Ferozepur 

0-20 

7.3 - 18.4 

12.66 

3.959 

100 -350 

192.5 

100,5 

20 - 40 

8.2 - 16.3 

10.02 

3.164 

70-187.5 

170.7 

94.2 

40-60 

10.2-48.9 

19.14 

14.95 

85 - 325 

178.5 

95.9 

Makhu 

0-20 

6,6-54.6 

22.22 

13.40 

47.5 -162.5 

138.0 

45.0 

20-40 

4.8 -46.0 

13.96 

15.49 

47.5 -237.5 

1 20,5 

61.8 

40 - 60 

3.9-14.3 

6.52 

8.62 

32.5 -337.5 

126.5 

150.0 

Zira 

0-20 

3.6-22.8 

10.10 

7.40 

40 - 202.5 

121.7 

83.1 

20-40 

3.6 -20.5 

9.06 

6.358 

62 -220.5 

129.4 

71.6 

40-60 

2.7 - 18.4 

7.48 

5.594 

65 - 207.5 

114.2 

58.4 

Overall 

0-20 

1.8 -54.6 

13.60 

10.761 

37.5 -506.3 

187.9 

123.9 

20-40 

1 .8 -46.0 

10.42 

8.922 

40 - 480 

167.1 

105.4 

40 - 60 

0.06-48.9 

8.79 

7.800 

32.5 -475 

160.0 

110.6 


















































and 0.06 to 48.9 mg kg ' in 0-20, 20-40 and 40-60 
cm depths in different blocks of Ferozepur district 
with a mean value of 13.60. 10.42 and 8.79 mg kg" 1 , 
respectively. Further, Available K content varied 
from 37.5 to 506,40 to 480 and 32.5 to 475 mg kg' 1 


in 0-20, 20-40 and 40-60 cm depths in different 
blocks of Ferozepur district with mean values of 
188,167 and 160 mg kg , respectively. 

Ammonium-N concentration in different 
blocks of Ferozepur district varied from 0.87 to 


Table 6.36: Range and mean values of NH,, -N and NO^ -N in soil samples 


Name of 

Block 

Depth 

(cm) 

NH.r -N (mg kg 

f'> 

NO,- 

N (mg kg' 1 ) 

Range 

Mean 

S.D, 

Range 

Mean 

S.D. 

Mamdot 

0-20 

1.51-3.59 

2.31 

0.838 

15.7 -50.1 

38.08 

14.955 

20-40 

1.35-2.61 

1.91 

0.456 

1 8.95 -37.60 

26.05 

7.007 

40-60 

1.23-2.51 

1.87 

0.477 

i 7.25 -50.23 

29.16 

13.062 

Guru har sahai 

0-20 

1.16-3.10 

1.82 

0.829 

13.25 -35.20 

23.75 

8.909 

20-40 

1.21 -2.21 

1.58 

0.403 

13.5 -24.2 

19.11 

4.432 

40-60 

1.18 -2.18 

r L.63 

0.388 

18.85 -29.7 

22.75 

4.299 

Jalalabad 

0-20 

1.54 -3.84 

2.81 

0.831 

13.10-38.70 

24.29 

0.688 

20 - 40 

1.62 -3.63 

2.89 

0.813 

11.50-21.10 

16.04 

0.969 

40-60 

1.47 -3.58 

2.83 

0.843 

12.55 -25.0 

17.65 

4.826 

Abohar 

0-20 

3.10 -3.85 

3.53 

0,301 

12.25 -21.05 

' 15.26 

3.637 

20 - 40 

2.93 -4.23 

3.66 

0.491 

8.73 -26.2 

15.60 

6.821 

40 - 60 

3.46 -4.54 

3.95 

0.433 

7.95 -19.5 

13.74 

3.718 

Khuian sarwar 

0 - 20 

3.03 -4.46 

3.71 

0.643 

12.1 -138.5 

63.32 

60.84 

20-40 

2.90-5.11 

3.90 

0.860 

9.0-142.5 

61.92 

57.54 

40-60 

2.96 -5.11 

3.95 

0.874 

4.90-125.0 

57.17 

59.13 

Faztlka 

0-20 

0.87 -4.18 

2.69 

1.577 

9.15 -35.90 

20.09 

10.329 

20-40 

0.96 -4.48 

2.76 

1.525 

6.90 -31.7 

17.39 

9.297 

40-60 

0.91 -4.40 

2.64 

1.578 

8.0 -39.70 

21.08 

12.987 

Ghall khurd 

0-20 

1.12 -2.60 

1.85 

0.622 

14.90 -50.0 

29.31 

13.122 

20-40 

1.30 -3.05 

2.13 

0.821 

14.4 -24.5 

19.39 

4.507 

40 - 60 

1,28 -2.78 

1.98 

0.662 

16.15 -28.5 

21.05 

5.437 

Ferozepur 

0 - 20 

1.10-2.04 

1.58 

0.375 

1.10-2.04 

1.58 

0.375 

20 - 40 

1.41 -2.77 

2.09 

0.588 

1.41 -2.77 

2.09 

0.588 

40-60 

1.68 -2.17 

1.90 

0.175 

L68 -2.17 

1.90 

0.175 

Makhu 

0-20 

2.48 -4.95 

3.14 

0.813 

12.8-50.0 

30.1 

11.512 

20 - 40 

2.42 -2.83 

2.68 

0.511 

4.02 -36.4 

20.31 

8.021 

40-60 

2.47 -2.87 

2.69 

0.515 

4.26 -30.4 

18.3 

7.093 

Zira 

0-20 

2.71 -3.56 

3.25 

0.337 

2.43 -6.45 

4.04 

1.52 

20-40 

3.32 -3.51 

3.39 

0.088 

3.16 -4.35 

3.75 

0.540 

40-60 

3.32 -3.89 

3.53 

0.229 

2.97 -5,44 

4.45 

0.940 

Overall 

0-20 

0.87-4.95 

2.69 

1.027 

3.27-138.5 

29.4 

23.92 

20-40 

0.96 -5.11 

2.71 

0.975 

3.16 142.5 

24.44 

22.16 


40-60 

0.91 -5.11 2.71 

1.029 | 

3.81 -125.0 

24.13 

22.23 


























































































4.95, 0.96 to 5.11 and 0.91 to 5.11 mg kg ' with 
mean values of 2.69,2.71 and 2.71, respectively in 
0-20, 20-40 and 40-60 cm depths. Similarly, 
nitrate-N concentration varied from 3.3 to 138.5, 
3.2 to 142.5 and 3.8 to 125 mg kg' 1 with mean 
values of29.4, 24.4 and 24.1, respectively in 0-20, 
20-40 and 40-60 cm depths (Table 6.36) of soils in 
different blocks of Ferozepur district. 

6.3.3 Hooghly 

Soil sampling and analysis 

Horizon-wise (0-20, 20-40 and 40-60 cm) 
soil samples were also collected during pre¬ 
monsoon season of 2006 from the representative 
sites (from where water samples collected) for 


their analyses for clay, sand and silt, orgarj; m 
(OC), pH, electrical conductivity (EC 
nitrogen (TN) and NOj-N load using m 
method, to ascribe the possible ca_>e 
variations in the observed concentration of 
the water samples. 

Horizon-wise (0-20, 20-40 and 
variation in pH, electrical conductivity rCy 
organic carbon (OC), total nitrogen (TN), NC -*> 
content, clay, sand and silt content of the 68 
profiles were studied. It was observed that with nr 
increase in depth pH and clay content of the soili x 
Hooghly district increased and that of EC, orgasfe 
C, total N, N0 3 -N, sand and silt contents decreases 
(Tables 6.37 and 6.38). 


Table 6.37: Depth-wise variations in pH, EC, OC and total N content of soils 


Depth 

P» 


EC (dSm 1 ) 

OC (%) 

TN f%) 

(cm) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

0-20 

4.5-7.8 

6.27 

0.81 

0.03-0.62 

0,22 

0.13 

0.27-1.67 

0.80 

0.34 

0.06-0.75 

0.24 

f )f 

20-40 

5.2-7.8 

6.84 

0.56 

0.04-0.52 

0.17 

0.09 

0.07-1.21 

0.40 

0.24 

0.04-0.67 

0.20 


40-60 

S.4-8.2 

6.85 

0.52 

0.02-0,46 

0.15 

0.09 | 

0.04-0.84 

0.33 

0.20 

0.02-0.58 

0.17 

o □ 1 


Table 6.38: Depth-wise variations in NO,-N. sand, silt and clay content of soils 


Depth 

N0 3 -N (mg 

Ml 

Sand (% 


Silt (%) 

Clay (%> 

(cm) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

0-20 

1.20-34.75 

9.08 

6,41 

0,8-59.2 

35,02 

14.54 

12.0-35.6 

23.40 

5.83 

19.6-75.2 

41.58 

13.-2 

20-40 

0.09-32.10 

7.87 

5.81 

2.1-63.2 

35.67 

14.68 

10.0-36.0 

21.24 

6.16 

21.3-75.9 

43.09 

12 .-' 

40-60 

0.05-31.25 

6.36 

5.00 

1.1-64.5 

34.80 

13.90 

7.9-34.0 

19.44 

6.30 

22.6-76.1 

45.75 

12 A- 


5.3.4 Jalgaon 

Soil sampling and analysis 

Horizon-wise (0-20, 20-40 and 40-60 cm) 
soil samples were also collected during pre¬ 
monsoon season of 2006, pre and post monsoon 
2007 from the representative sites (from where 
water samples collected) of each village for their 
analyses for clay, sand and silt, organic carbon 
(OC), pH, electrical conductivity (EC), andN0 3 -N 


load using standard method, to ascribe the possibfe 
causes for variations in the observed cone entran ce 
ofN0 3 in the water samples. 

Horizon-wise variation in pH arc 
electrical conductivity (EC) of the soil was fousS 
to increase with increase in depth from surface :: 
subsurface (Table 6.39). The organic carbon (OC 
and N0 3 -N content in the soil samples was found zm 
decrease as the depth of the sampling increases 


































































from surface to sub surface (Table 6.39). The clay studied. It was observed that with the increase in 
.md silt content of the 48 soil profiles were also depth the clay and silt contents increased (Table 

6.40). 

Table 6.39: Depth-wise variations in pH, EC, N0 3 and OC of soils 


Depth 

pH 

EC (dS m 1 ) 

N0 3 -N (mg kg' 1 ) 

OC (%) 

tcm) 

Range 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 

-20 

7.50-8.50 

8.04 

0.124-1.360 

0.506 

0-11.67 

2.40 

0.24-0.82 

0.59 

:o-40 

7.70-8.50 

8.08 

0.130-1.420 

0.528 

0-8.81 

1.96 

0.29-0.71 

0.50 

*i0-60 

7.60-8.50 

8.13 

0.137-1.470 

0.551 

0-9.26 

1.93 

0.15-0.56 

0.38 


Table 6.40: Depth-wise variations in sand, silt and clay content of soils 


Depth (cm) 

Sand (%) 

Silt 

(%) 

Clay (%) 

Range 

Mean 

Range 

Mean 

Range 

Mean 

0-20 

41-79.75 

53.76 

2.50-37.50 

14.24 

15.25-49.75 

32.00 

20-40 

42.3-61.5 

43.3 

9.17-34.8 

16.1 

28.6-60.7 

59.4 

40-60 

35.4-68.7 

46.2 

15.2-21.6 

17.3 

26.8-49.7 

63.5 


6.3.5 Coimbatore district 

Soil sampling and analysis 

Horizon-wise (0-20, 20-40 and 40-60 cm) 
soil samples were also collected during pre¬ 
nonsoon season of 2006 from the representative 
sites (from where water samples were collected) 
for their analyses for pH, electrical conductivity 
i EC), Organic carbon (OC), total nitrogen, N0 3 -N 
and NH 4 -N content using standard procedures, to 
ascribe the possible causes for variations in the 
observed concentration of NO a in the water 
samples. 


There was a slight variation in pH, 
electrical conductivity, organic carbon, total 
nitrogen, N0 3 -N and NH 4 -N content of the soil 
samples. It was inferred that with the increase in 
depth of soil profile, pH and EC of the soil 
increased and that of EC, organic C, total N, NO s -N 
and NH 4 -N content were decreased (Tables 6.41 
and 6.42). 

5.3.6 Hoshangabad district 

Soil sampling and analysis 

Depth-wise (0-15, 15-30 and 30-45 cm) 
soil samples were also collected during pre- 


Table 6.41: Depth-wise variations in pH, EC and organic carbon content of soils 


Depth 

(cm) 

PM 

EC l 

(dSm 1 ) 

o< 

2 (%) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

0-20 

7.54-8.52 

8.02 

0.21 

0.01-1.48 

0.34 

0.27 

0.39-1.23 

0.87 

0.24 

20-40 

7.56-8.64 

8.01 

0.24 

0.01-1.25 

0.32 

0.23 

0.34-1.17 

0.76 

0.22 

40-60 

7.36-8.61 

8.05 

0.23 

0.01-1.57 

0.37 

0.3 

0.25-1.01 

0.69 

0.21 
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Table 6.42: Depth-wise variations in total N, NO,-N and NH 4 -N content of soils 


Depth 

Total N (%) 

N0 3 -N (mg kg ' 


nh 4 -\ 

(mg kg 

l L 

(cm) 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

0-20 

0.17-0.54 

0.37 

0.097 

2.44-38.33 

8.81 

7.16 

0.00-2.24 

0.84 

0.52 

20-40 

0.15-0.51 

0.34 

0,09 

3.27-35.46 

8.77 

6.59 

0.03-2.69 

0.87 

0.6 S 

40-60 

0.11-0.44 

0.31 

0.1 

3,28-16.93 

7.58 

4.15 

0.01-2.39 

0.79 

0.58 


monsoon season of 2006 and 2007 from the 
representative sites (from where water samples 
were collected) for their analyses for pH, electrical 
conductivity (EC), Organic carbon (OC), total 
nitrogen, NO s -N and NH 4 -N content using 
standard procedures to ascribe the possible causes 
for variations in the observed concentration of N0 3 
in the water samples. 

Thererwas no significant variation in pH of 
the soils with depth. Barring electrical 
conductivity, all other properties showed a 
decreasing trend with depth (Table 6.43 and 6.44). 
Organic carbon, Olsen-P, N0 3 -N, NH 4 -N and total 
N content of the soil decreased with depth 
signifying no substantial leaching of nitrate 
through soil profile. However, there was 
significant variability within soils with regards to 
all the parameters studied. For example, EC, OC, 


N0 3 -N_ and total N content of soil were as high a- 
1.64 dSm 1 ,1.61%, 35.6 mg kg' 1 soil and 870 mg kg 
1 soil, respectively. Apart from variability among 
different soil samples, no significant accumulation 
of nitrate or any other forms of N was recorded in 
any soil even in areas recording high nitrate 
pollution in groundwater. 

6.4 Vulnerability of groundwater to nitrate 

contamination 

The occurrence of nitrate in groundwater 
beneath agricultural systems was examined by the 
factors influencing aquifer vulnerability to nitrate 
contamination and by characterizing the 
geographic distribution of groundwater 
contamination by nitrate. Aquifers and individual 
wells can be contaminated by substantially 
different processes. Agricultural chemicals can 


Table 6.43: Depth-wise variations in pH, EC, OC and total N content of soils 


Depth 

(cm) 

PH 

EC (dSm 1 ) 

OC (%) 

Olsen-P, mg kg ' 1 

Range 

O' 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 

0-15 

6.3-8 .1 

7.7 

0.17-1.64 

0.43 

0.43-1.61 

0.69 

3.97-11.96 

7.85 

15-30 

6.4-7.9 

7.4 

0.32-1.35 

0.52 

0.35-1.24 

0.52 

3.12-9.56 

5.97 

30-45 

6.3-8.0 

7.8 

0.43-0.89 

0.51 

0.23-0.97 

0.48 

3.23-8.79 

5.23 


Table6.44 : Depth-wise variations in NH 4 -N, NO s -N and total N in soils 


Depth 

(cm) 

NH4-N, mg kg 1 

NO 3 -N, mg kg ' 1 

Total N,% 

Range 

Mean 

Range 

Mean 

Range 

Mean 

0-15 

7.1-19.5 

14.7 

19.0-33.5 

27.4 

0.067-0.087 

0.072 

15-30 

7.9-17.6 

12.5 

22.2-35.6 

25.2 

0.065-0.082 

0.069 

30-45 

6.4-15.8 

12.1 

23.4-32.1 

24.6 

0.062-0.078 

0.065 


























































hs-iso contaminate improperly constructed wells 
vithout appreciably affecting the aquifer. 

Specific vulnerability to source of 
feitrogen and intrinsic features of hydrologic 
system are principles upon which groundwater 
ulnerability may be estimated. Specific 
nlnerability to agricultural system is a function of 
contaminant factors such as the quantity, rate, 
nming, and methods of nitrogen application, 
origations, and other agriculture management 
characteristics. Intrinsic susceptibility is a function 
:: hydro-geologic factors such as proximity of an 
cquifer to the land surface, hydrologic properties of 
soil, and the amount, timing, and location of 
aquifer recharge. Attempts have been made to 
collate nitrate loadings in ground waters with these 
rectors to identify the principles which impart 
ulnerability to specified aquifers in the target 
districts. 


6.4.1 West Godavari 

Although the N0 3 -N load in groundwater 
samples collected from West Godavari district of 
Andhra Pradesh was well below of 10.mg L" 1 , it was 
observed that the N0 3 -N load in groundwater 
samples increased with increasing rate of fertilizers 
application, contents of organic C, available 
nitrogen, N0 3 -N and sand content of the soil 
profiles; but decreased with increasing depth of 
sampling aquifers and clay content of the soils. It 
was further observed that such load was higher in 
areas where shallow rooted crops were grown. As 
rice is a shallow rooted crop, the concentration of 
NO, was found to be high in groundwater in areas 
where lowland rice (double rice area particularly) 
is cultivated vis-a-vis sugarcane (Figs. 6.25 to 
6.28). 
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Fig. 6.25: Relation between soil pH and nitrate in groundwater 


































Fig. 6.26: Relation between soil OC and nitrate in groundwater 



Fig. 6.27: Relation between soil EC and nitrate in groundwater 
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Effect of cropping systems on Nitrate content in ground water 
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Fig. 6.28: Relation between cropping system and nitrate in groundwater 



6.4.2 Ferozepur 

To study the relationship of N0 3 -N with 
different parameters of irrigation water, correlation 
coefficients were worked out for all three 
samplings (Table 6.45). NitrateN had significant 
negative relationship with depth of tube well, water 
table of the area and residual sodium carbonate 
(RSC), while a significant positive relationship 


was observed with EC, calcium + magnesium and 
sodium content of irrigation waters. In second and 
third samples also nitrate N had significant 
negative relationship with depth of tube well just 
like previous sampling. Nitrate N was having a 
significant positive relationship with EC (r 
=0.425*) and Ca+Mg (r = 0329*) just like 
previous sampling. 


Table 6.45: Relationships of N0 3 -N with different parameters of irrigation water 


Parameter 

Correlation coefficient ( r) 

First sampling 

Second sampling 

Third sampling 

Depth 

-0.219* 

-0.184* 

-0.147* 

Water table depth 

-0.192* 

0.068 

- 0.203* 

EC 

0.408* 

0.425* 

0.333* 

Ca ++ + Mg^ 

0.412* 

0.329* 

0.219* 

RSC 

-0.129* 

- 0.086 

0.056 , 

Na + 

0.366* 

- 

0,287* 

K + 

0.300* 

- 

0,341* 


Correlation coefficients were worked out 
between N0 3 -N contents of irrigation water with 
various parameters of soils (Table 6.46). There 
existed a significant negative relationship between 


OC, Olsen-P and clay content of soils with N0 3 - -N 
content of irrigation water in surface 0-20 cm layer. 
Sand was positively correlated with upper two 
surface layers of soils, ue„ 0-20 and 20-40 cm. 


















































NH 4 -N content of 20-40 cm layer soil was parameters of 40-60cm layer soil was having am 
positively and significantly related with N0 3 - -N significant relationship with NO s - -N conteris a: 
contents of irrigation water. None of the irrigation water. 


Table 6.46: Relationships of NO s -N of irrigation water with soil parameters at different depths 


Parameter 

Correlation coefficient fr) 

0-20 (cm) 

20-40 (cm) 

40-60 (cm) 

pH 

0.006 

0.030 

0.048 

EC 

-0.140 

-0.044 

0.077 

Organic Carbon 

-0.342* 

-0.226 

-0.203 

Available K 

-0.062 

-0.074 

-0.069 

NH/-N 

0.186 

0.311* 

0.256 

NOj'-N 

-0.186 

-0.098 

-0.103 

Available P 

-0.293* 

-0.204 

0.037 

Silt 

-0.254 

-0.339* 

-0.174 

Clay 

-0.425* 

-0.444* 

-0.258 

Sand 

0.366* 

0.447* 

0.241 


5.4.3 Hooghly 

Although the N0 3 -N load in groundwater 
samples collected from Hooghly district of West 
Bengal was well below of lO.mg L l , it was 
observed that the N0 3 -N load in groundwater 
samples was increased with increasing rate of 
fertilizers application (r = 0.72, P = 0.01), contents 
of organic C (r = 0.79, P =0.01), total N (r = 0.91, 
P=0.01), N0 3 -N (r = 0.84, P=0.01) and sand 
content (r = 0.29, P=0.05) of the soil profiles; but 
decreased with increasing depth of sampling 
aquifers (r = - 0.36, P=0.01) and clay content (r = - 
0.32, P=0.05) of the soils (Figs. 6.29 to 6.36). It 
was further observed that such load was higher in 
areas where shallow rooted crops were grown. 
Although rice is a shallow rooted crop, the 
concentration of N0 3 was found to be lowered in 
groundwater in areas where lowland rice (double 
rice area particularly) is cultivated vis-a-vis other 
upland crops. 


5.4.4 Jalgaon 

The NO3-N load in groundwater samples 
collected from Jalgaon district of Maharashtra was 
not detected in water samples. Only in six samples 
NO3-N was detected during pre and post monsoon 
2007. Hence, overall groundwater aquifers of the 
target district of Jalgaon were not vulnerable to 
nitrate contamination at all. 

5.4.5 Coimbatore 

The NOj-N content of groundwater 
samples collected from Coimbatore district of 
Tamili Nadu varied from 5.2to 9.52 mg L 1 with the 
overall mean value of 6.74 mg L 'and it is below the 
critical level of lO.mg L'. The N0 3 -N content of 
groundwater samples was correlated with water 
parameters (pH and EC), rate of fertilizer 
application, soil parameters (pH, EC, organic 
carbon, total N, N0 3 -N and NH 4 -N content) and 
depth of aquifers. The results showed that the N0 3 - 
















































Fig 6.29: Relationships of N0 3 -N load in groundwater with fertilizer application rate 



Fig 6.32: Relationships of NO s -N load in groundwater with total N content of soils 
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6.30. Relationships of N0 3 -N load in groundwater with depth of sampling aquifers 


y = -0.0109x + 1.3792 
R 2 = 0.1283 



Fig 6.33: Relationships of NO a -N load in groundwater with N0 3 -N content of soils 

















N0 3 -N content in groundwater (mg L’ 1 ) 




Fig 6.34: Relationships of N0 3 -N load in groundwater with clay content of soils 












Fig. 6.35: Relationships of N0 3 -N load in groundwater with sand content of soils 
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Fig. 6.36: Relationships of N0 3 -N load in groundwater with different cropping systems of the studied district 

„ " R “ nce ' nce ’ J-R-P=jute-rice-potato, J-R-O = jute-rice-onion, R-P-V = rice-potato-vegetables, 
R-P S -rice-potato-sesame, J-R-W=jute-rice-wheat, J-R-V=jute-rice-vegetables,R-M-R = rice- 
mustard-nce, R-M-S = rice-mustard-sesame, J-R-R = jute-rice-rice, R-O = rice-onion R-P-R = 
nce-potato-rice, R-P=rice-potato, R-V=rice-vegetables. 
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N content in groundwater samples was positively 
correlated with EC of water (r = 0.16, P=0.01), rate 
of fertilizer application (r = 0.07, P =0.01), organic 
carbon (r =0.78, P=0.01), total N (r = 0.67, 
P=0.01), NO s -N (r = 0.59, P =0.01) content of the 
soil profiles; but negatively correlated with pH of 
water (r = -0.43, P =0.01), EC of soil (r = -0.52, 


P=0.01) and depth of sampling aquifers (r = - 0.09, 
P=0.01) (Figs. 6.37 to 6.45). 

It was further observed that the mean 
Nitrate-N content was higher in areas where 
Vegetables- Pulses and Turmeric-Pulses cropping 
systems were followed and lower in Rice-Rice/ 
Pulses cropping systems (Fig. 6.46). 



Fig. 6.37: Relationships of NO s -N content in groundwater with pH of water 



Fig. 6.38: Relationships of N0 3 -N content in groundwater with EC of water 
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Fig. 6.39: Relationships of N0 3 -N content in groundwater with fertilizer application rate 
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Fig. 6.41: Relationships of NO s -N content in groundwater with EC of soil 
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fig. 6.42. Relationships ot NOj-N content in groundwater with organic carbon content of soil 
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Fig. 6.43: Relationships of N0 3 -N content in groundwater with total N content of soil 
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Fig. 6.44: Relationships of N0 3 -N content in groundwater with NO s -N content of soil 
























Fig. 6.45: Relationships of NO a -N content in groundwater with depth of sampling aquifers 
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Fig. 6.46. Relationships of N0 3 -N content in groundwater with different cropping systems of 
the Coimbatore district (R-R/P = Rice-Rice/Pulses, T-P= Turmeric Pulses, CT-M/P = 
Cotton - Millets/Pulses, SC-RSC = Sugarcane - Ration Sugarcane, BN-RBN/V = 
Banana - Ratton Banana/Vegetables, V-P = Vegetables Pulses, Coconut, M-P = 
Millets Pulses) 






















of fertilizer/manure application, depth of aquifer', 
crops/cropping systems. The relationships 
nitrate in ground waters with various parameter 
as represented in figures 6.47 to 6.58, wac 
intended to understand the behaviour 
interactions among different factors in making the 
sources of water vulnerable to nitrate pollution. 
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Fig.6.47: Relation between pH and nitrate in ground water 
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6.4.6 Hoshangabad district 

In order to identify different factors 
contributing to nitrate accumulation in ground 
waters the N0 3 -N contents of groundwater 
samples were correlated with water parameters 
(pH and EC), soil parameters (pH, EC, organic 
carbon, total N, N0 3 -N and NH4-N content), rate 



Fig.6.48: Relation between EC and nitrate in ground water 
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Fig.6.49: Relation between soil pH and nitrate in ground water 
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Fig.6.51: Relation between soil OC and nitrate in ground water 
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Fig.6.52: Relation between 2M KC1 extractable NH 4 -N and nitrate in ground water 





















































































































































Nitrate levels'" Hi ground waters had no 
ificant correlation with any of the water and 
parameters studied. However, depth of 
fers, rate of application of organic manures, 
s/cropping systems seemed to have some 
ing on the extent and level of nitrate 


contamination. Most of the hand pumps and open 
wells, which were incidentally confined to 
habitation areas, were having lower depth of 
aquifers and mostly unconfined in nature, and 
recorded higher level of nitrate pollution (Fig.6.58) 
Similarly, some land use systems/ cropping 



Fig.6.57: Relation between fertilizer application to crops and nitrate in ground water 



Fig.6.58: Relation between depth of aquifer and nitrate in ground water 














































systems like orchards and vegetables recorded 
higher level of nitrate contamination in ground 
waters as compared to soybean or rice based 
systems (Fig. 6.59). 

Application of organic manures, which 
were mostly confined to vegetable crops and 


orchards, resulted in higher level of nitrate in soils 
and in open wells in its vicinity. Also a very high 
and significant correlation was obtained between 
organic manure application and nitrate content in 
groundwaters (Fig. 6.56). 



Fig.6.59: Mean nitrate-N content in ground water under different land use systems 


6.5 Mapping and delineation of nitrate 

contaminated areas 

In order to identify and delineate areas of 
nitrate contamination and pollution in the target 
districts, all the sampling sites were geo-referenced 
with the help of global positioning system (GPS). 
The digital maps with block boundaries of the 
target districts at the scale of 1:50000 were 
prepared by digitization and mosaicing (merging 
of digitized boundary) of toposheets. Geo- 
referenced sample points were assigned the point 
values of nitrate-N based on laboratory analysis. 
After assigning the point values to the sampling 
points the kriging was performed. Kriging is an 
advanced geo-statistical procedure that generates 


an estimated surface from a scattered set of points. 
Gaussian method of kriging was used for the nitrate 
data-set to generate map. Nitrate contamination 
maps of the districts of West Godavari (Fig. 6.60), 
Ferozepur (Fig. 6.61), Hooghly (Fig. 6.62), 
Coimbatore (Fig. 6.63) and Hoshangabad (Fig, 
6.64) are presented below. Each district has been 
delineated into three distinct classes, namely, 
polluted areas (as represented by red), vulnerable 
areas (as represented by yellow) and safe areas (as 
represented by green) with regards to level of 
nitrate contamination of ground waters. A close 
scrutiny of the maps clearly suggests that south¬ 
eastern part of West Godavari is highly polluted 
with nitrate, whereas nitrate pollution is more or 
less evenly distributed throughout the district of 
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NITRATE STATUS OF WEST GODAVARI DISTRICT 



Fig. 6.60: Delineation of nitrate contaminated areas in West Godavari district 
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Fig. 6.61: Delineation of nitrate contaminated areas in Ferozepur district 
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Fig. 6.62: Delineation of nitrate contaminated areas in Hooghly district 



Fig. 6.63: Delineation of nitrate contaminated areas in Coimbatore district 


































NITRATE STATUS OF HOSHANGABAD DISTRICT 
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Fig. 6.64: Delineation of nitrate contaminated areas in Hoshangabad district 


Ferozepur. Nitrate contents in ground waters of 
Hooghly are within safe limit, while the ground 
water resources of almost entire Coimbatore 
district is vulnerable to nitrate pollution. Nitrate 
pollution of ground waters of Hoshangabad district 
is mostly confined in the blocks of Seoni-malwa, 
Hoshangabad and Babai, and these areas are in 
close proximity to river Narmada having a very 
high water table. 

7. Summary and Conclusions 

Nitrate is one of the major agriculture- 
derived pollutants leaching to groundwater. Nitrate 
leaching from agricultural production system is 
blamed for the rising concentrations of nitrate in 
ground- and surface waters around the world. In 
India, there have been sporadic reports of elevated 
nitrate concentration in groundwater in different 
parts of the country, and fertilizer has been made 
the culprit by various environmentalists and green 


groups without any proper backup of database on 
nitrate contamination of groundwater. With this 
premise the project was undertaken to evaluate the 
extent of nitrate contamination in ground waters in 
some heavy to moderately fertilized and 
intensively cultivated districts of the country, and 
to delineate the factors which impart vulnerability 
to nitrate contamination of wells/aquifers. Samples 
were collected by stratified random sampling in a 
manner so as to collect more samples from high 
fertilized areas and relatively less samples from 
low fertilized areas and to collect samples from 
different sources in proximity to or under the 
influence of various anthropogenic activities to 
ascertain the vulnerability of wells to nitrate 
contamination. Temporal variation in nitrate 
contamination of selected aquifers was also studied 
by revisiting the wells with the help of GPS at 
different seasons of the same year. Relevant soil 
properties and water parameters were also 















determined to find the role of these parameters in 
nitrate loading in ground waters. 

There were wide and significant variations 
in the levels of nitrate in ground waters in the target 
districts. The mean nitrate-N concentrations of 
ground waters from the target districts of West 
Godavari, Ferozepur, Hooghly, Coimbatore and 
Hoshangabad were 9.11, 3.57, 0.76, 6.74 and 4.55 
mg N L' 1 , respectively. Evidently, West Godavari 
was the most polluted and Jalgaon the least 
amongst the target districts in regards to nitrate 
contamination of ground waters. Highest level and 
extent of nitrate pollution in groundwater (i.e., >10 
mg N0 3 -N L' 1 ) was recorded in West Godavari 
district, while the target district of Hooghly and 
Jalgaon ditT noCrecord any nitrate pollution in 
groundwater. The other three districts, Ferozepur, 
Coimbatore and Hoshangabad, recorded moderate 
level of nitrate pollution in their groundwater 
resources. About 20 per cent of water samples 
collected from West Godavari were polluted; the 
figures were 10, 20 and 8 per cent for Ferozepur, 
Coimbatore and Hoshangabad, respectively. With 
the help of geo-referencing and kriging, the digital 
maps with block boundaries of the target districts 
have been prepared, and nitrate contaminated areas 
in each district have been delineated. 

When the data were stratified with respect 
to fertilizer usage, high fertilizer usage areas 
recorded higher level of nitrate pollution as 
compared to medium and low areas in the districts 
of West Godavari, Coimbatore and Hoshangabad. 
N0 3 -N load in groundwater samples increased 
with increasing rate of fertilizer application, 
contents of organic C, available nitrogen, NO s -N 
and sand content of the soil profiles in the district of 
West Godavari. Nitrate contents of ground water 
samples were positively correlated with total N and 
nitrate-N content of soil in Coimbatore district. 
However, significant relation was not obtained in 
the district of Hoshangabad. On the other hand, 
there was significant positive correlation (r = 


0.56**) between the average concentrations of 
N0 3 -N in ground water and average fertilizer 
consumption in different blocks of Hooghly 
district. 

A significant negative correlation was 
observed between N0 3 -N content in water and 
depth of sampling aquifers in all the districts, and 
the same had been reflected through the level and 
extent of nitrate contamination in various sources 
of water. The results from West Godavari clearly 
indicated that open wells and hand pumps were far 
more polluted than other sources, and samples 
from habitation areas were more polluted than 
those from crop fields and other areas. In Hooghly, 
among the sources of groundwater the NO a -N 
content was highest in water from dugged-well 
followed by tube-well > shallow-tube well > mini¬ 
deep tube well > deep-tube well in decreasing 
order. The N0 3 -N content was highest in the hand 
pump followed by open well and the lowest in bore 
well. Similarly in Hoshangabad while 9 per cent of 
open well samples were polluted with nitrate, the 
figures for hand pump and tube well were 10 and 4 
per cent, respectively. As a whole, the sources from 
habitation areas were much more polluted (17.8%) 
than those from field (5.5%) and dairy (3.7%) areas 
in West Godavari and Hoshangabad districts. All 
sources of water in proximity to habitation areas 
were significantly more polluted than those in 
proximity to field and dairy areas. 

In West Godavari, N0 3 -N load in 
groundwater samples was higher in areas where 
shallow rooted crops were grown. The 
concentration of N0 3 was higher in groundwater in 
areas where lowland rice (double rice area 
particularly) was cultivated vis-a-vis sugarcane. 
Similarly, in Hooghly district, nitrate content in 
ground water was higher in areas where shallow 
rather than deep-rooted crops were grown. Rice- 
potato-vegetables, jute-rice-onion and jute-rice- 
potato were the rotations under which nitrate 
contents in ground waters were more than under 




other crop rotations. In contrast, average N0 3 ‘ -N in 
tube well water samples was lowest in paddy- 
wheat rotation as compared to other crop rotations 
in Ferozepur district. In cotton- wheat crop rotation 
27.6 per cent water samples were having NO s '-N 
>10mgL'' while this value was 23.5,14.3 and 10.8 
in cotton - wheat- garden, cotton - mixed and rice- 
wheat, respectively. In Coimbatore and 
Hoshangabad districts also higher nitrate was 
recorded in ground water in areas under vegetables 
and orchards/plantation crops as compared to rice- 
based/soybean-based cropping systems and other 
field crops. 

Salinity seemed to have affected the 
nitrate pollution of ground waters in a decisive 
manner only in the district of Ferozepur. N0 3 -N 
content in ground waters was having significant 
positive relationship with EC, Cl', Ca + ~+Mg +T , Na‘ 
and K~ during different sampling. Mean N0 3 '-N 
concentration during all the three samplings 
increased with increasing EC of water samples. 
Such a strong relationship between nitrate levels 
and EC in water samples did not exist in any other 
district. In West Godavari, nitrate level in water 
was correlated better with EC than with pH. When 
the data were stratified with regards to level of 
nitrate, there was by and large an improvement in 
correlation with EC with increase in level of 
contamination, but not so with pH of water. In 
Hoshangabad, on the contrary, nitrate levels in 
water had correlation neither with pH and EC of 
water nor with pH, EC and OC of soils. Since a 
strong correlation was found between nitrate levels 
in water and salinity, there is a need for delineating 
the effect of salinity on nitrate contamination in the 
water samples of Ferozepur district. In all the target 
districts except Ferozepur, there was an overall 
increase in nitrate contamination of ground waters 
in post-monsoon season as compared to pre- 


The results thus clearly indicated that in 
most intensively cultivated and heavily fertilized 
districts of the country, the danger of nitrate 
pollution of ground waters has become a reality, 
although the source of the pollution is a 
combination of many factors and non-point 
sources and cannot be pointed to inorganic 
fertilizers alone. Out of six districts surveyed, only 
the target district of Godavari presented a case 
wherein all the soil, water and management factors 
corroborated significantly to suggest that excessive 
use of fertilizers might have caused nitrate 
contamination of ground waters and reached a 
flash point which requires immediate management 
interventions. In other districts, nitrate N 
concentration in the groundwater varied widely 
from place to place though relatively uniform field 
managements were practiced in the study area. 
Spatial variation could not be explained by the site 
specific data, which suggested that an unidentified 
mechanism might have played an important role. 
However, shallow and unconfined or semi- 
confined aquifers like dugged wells, open wells 
and hand pumps were much more polluted than 
deep and confined aquifers in all the districts, and 
organic sources of nutrients including wash-off of 
agricultural residues, human and animal excreta 
especially near habitation areas rather than 
inorganic sources seem to have played the major 
role in nitrate contamination of groundwater. 

However, a systematic investigation on the 
occurrence and behavior of nitrate in different 
hydro-geological conditions and its seasonal 
response in well-defined hydrological units needs 
to be carried out to design an effective mitigation 
and management strategies. 


monsoon season. 
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